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An svelustion of the applicability of the methed of multiple fastor em~
alysis ¢o cvencmie éata was alse mde.
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I. INTRODUCTION

Dairy products are the largest single 8ource of agri-
cultural income in the United States. They also account for
almost one ~ fifth of the total amount spent for food by
civilian consumers. Thus dairy products comprise an extremely
important segment of the economy for both producers and con-
sumers.

The total milk production on farms 1is utilized in the
production of many products, and this total production is
relatively fixed over short periods of time. It is desirable
to allocate this production among the various products in
order to obtain the maximum satisfaction for consumers and
the maximum revenue for producers. It is also desirable to
determine what prices should exist in order to bring about
these optimum positions.

The problems of allocation of milk supplies and pricing
of dairy products have been intensified within the past few
years by the institution of federal milk marketing orders in
many areas of the United States. These milk marketing orders
have been for the purpose of providing orderly and dependable
milk supplies for these areas, and have principally taken the
form of establishing pricing formulas for various classes of
milk. The pricing formulas have generally been based on
various economic indices without too careful an analysis of
the relationships involved. Most of them have been empirically

determined and, although it might suffice in the short run,




this type of analysis leaves much to be desired on theoret-
ical grounds and for long run considerations as well. The
ability to forecast the demand for dairy products would be

a signitficant contribution toward the problem of allocation
of raw milk supplies. The knowledge of what factors affect
dairy product prices, and how these prices affect the demand
for these products, would aid not only in the establishment
of federal order regulations but also would aid individual

organizations in the policy questions of price formulation.

Review of Literature

Many studies have been made concerning demand and price
relationships for various dairy products. Most of these have
concerned specific regions or markets, although a few have
been on an aggregative basis. The studies relating to specific
markets have relied mainly on information obtained from surveys
of consumers and/or milk dealers and many have been reported
as simple compilations of the data. A study of this type is
the one by Blanford (2) concerning consumer purchases of fluid
milk in New York City. His results are based on tabular
analyses, using simple differences in purchases of fluid milk
in relation to prices in different areas and different sources
of these purchases.

Some regional and market studies have estimated the demand
and supply for dairy products by means of multiple correlation
analyses. An early study by Ross (8) used multiple correlations

to show the effects of various selected factors on the sales of
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fluid milk in New York City. Waite and Howe (15) used
correlations in estimating the demand for fluid milk imn six
New Jersey townships, while Gaus (5) used multiple correlation
analysis to estimate milk deliveries in Vermont. A recent
study by Pritchard (7) estimated the demand for fluid milk in
Indianapolis. The system giving the highest coefficient of
correlation in this latter study included indices of the
average retail price of milk in Indianapolis, the B.L.S index
of retail commodities, an index of per capita disposable
income, and an index of lagged income. The selection of these
indices was based primarily on the judgment of the investigator.

Relatively little has been done on the analysis of aggre-
gate demand for dairy products. The most important recent work
has been done by the Bureau of Agricultural Economics of the
U. S. D. A. (1,6) where a simple correlation between annual
per capita expenditures for fluid milk and cream and annual
per capita disposable income has yielded good results. The
rationale for this system is stated as follows: "Expenditures
by consumers for fluid milk and cream are directly related to
consumers' earnings. Consumer purchase studies have also
demonstrated the close association between expenditures for
fluid milk and cream, as well as quantities-purchased; and
consumers incomes™ (6). Similar studies for butter; cheese;
and evaporated milk have also been made (1).

These studies involve expenditures for dairy products,
which consist of both quantities consumed and prices.
Shepherd (10) has estimated the demand for butter using

these variables specifically. In one system he has shown the
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regression of retail butter prices on disposable income,

butter consumption and time, and in another he has shown

the regression of retail butter prices on retail expenditures
for food, consumption and time. All of these aggregate studies

have used annual data.

Purpose and Method of Procedure

The purpose of this study was to determine what the
factors are that affect the aggregate demand for individual
dairy products and to utilize these factors to estimate the
demand for these products. Heretofore the important factors
affecting demand have been selected by investigators on the
basis of theory, previous knowledge, and intuition. This
study investigated the possibility of putting this process of
selection on a sounder foundation, by applying the method of
multiple factor analysis to the data.

The method of multiple factor analysis makes it possible
to analyze large bodies of data and determine what relation-
ships exist among these data. Therefore it was decided to
apply it to the large body of data available for dairy products
in order to investigate the similarities and differences which
exist among these data. Although some of the data included
herein have been analyzed and compared in previous studies;
this has never been done on a similar scale.

There were 76 individual indices included in this study.
These were composed of aggregate U.S. data on a monthly basis,

covering in one case the period 1929-1941 and in another, the




period 1929-1948. These data included prices (retail, whole-
sale, and real ) production and disappearance of individual
dairy products, total milk production, the milk-feed and
butterfat-feed ratios, marketing margins on dairy products,
and various indices of general economic conditions including
among others the consumers price index, employment and pay-
rolls in manufacturing industries, industrial production, and
consumer credit. (A complete list is given in Table III.)

These data were grouped in several ways in this study.
One grouping consisted of all indices relating to general
economic conditions. Another combined all the price series.
Still others referred specifically to Fluid Milk and Crean,
Butter, Cheese, Evaporated Milk, Production and Disappearance
of Dairy Products, and Marketing Margins on Dairy Products.
Each of these groupings contained from 20 to 4O series of data.
A factor analysis was then applied to each to investigate the
underlying factors which were present in each grouping. An
interpretation of each group was made, analyzing the factors
and discussing the relationships of the variables to the
factors and to each other.

The method of multiple regression was used to estimate
the demand for the individual dairy products. The number of
variables to be used in each regression was determihed by the
number of factors present in the group under consideration.
The selection of the variables in the regression also depended
on the factors present.

In summary, this study investigated the factors which
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influence the demand for dairy products. The method of
multiple factor analysis was used to determine what these
factors are. The results of the factor analyses for the
individual dairy products then became the basis for multiple
regression systems for estimating the demand for these dairy
products. In addition, an evaluation was made of the
application of multiple factor analysis to data of this

particular type and to economic data in general.

Source and Adequacy of Data

The data used in this study were gathered from various
governmental agencies such as the Department of Agriculture,
the Department of Commerce and the Department of Labor. The
degree of accuracy of much of this data is questionable, as
many approximate measures have been used in deriving these
series due to the unavailability of the exact data. However,
these were the best data that were available for this work
and it was assumed herein that, although the exact figures
might be inaccurate, the directions of change (increases or
decreases) were consistent with actual changes. This should
have been sufficient for the determination of the factors
influencing demand, even though the actual estimates of demand
would obviously be dependent upon the size of the changes as
well as the directions of change.

Several compromises were necessary in this study in the

practical aspects of dealing with such a large body of data.



First, compromises were made in the selection of data, since
many of the desired series were not available in the necessary
form or for the necessary period of time. For example, the
index of disposable income could not be included as it is

only published quarterly. Therefore, the monthly index of
payrolls in manufacturing industries was included instead.

A second compromise was necessary in the statistical aspects
of this study. JSince the manual labor involved in obtaining
statistics from the basic data would be prohibitive, the data
were coded for I.B.M. tabulations. This reduced a large part
of the labor involved. A complete description of the indices
included in this study and the way these indices were processed

is given in section III.




IX.METHODOLOGY

General Aspects

The validity of economic studies utilizing simple and
multiple correlation analysis has depended primarily upon
the selection of the variables and the manner in which these
variables have been treated.

The selection of variables has usually been based on
theoretical economic concepts, information already available
on the problem from various sources, and on the knowledge
and judgment of the investigator. The inclusion or exclusion
of data has had a crucial effect on the results obtained, with
the decisions in this respect depending entirely upon the
discretion of the investigator.

In a correlation analysis, one variable is considered as
being dependent upon the remaining variables, or as being
determined by the remainder. The selection of the dependent
variable has usually been governed by the nature of the problem,
with the discretion of the investigator again being of major
importance. It can be noted here that some studies (9) have
been made with first one, and then another, variable considered
as dependent (i.e. consumption considered as dependent with
price as the independent variable and then price considered
as dependent with consumption as the independent variable)

and the result selected which yielded the highest coefficient

-

of correlation. Although this procédure provides a more




significant result statistically, it is questionable how much
economic significance it contains.

It has also been shown (4) that the independent variables
must be uncorrelated amongst themselves and be truly independent
of each other in a multiple correlation analysis. Otherwise,
spurious results arise where it is impossible to tell how much
of the correlation is due to the relationship between the
dependent and independent variables, and how much is due to
the relationship between the independent variables.

An investigation of the relationships between variables
using economic data was developed by Frisch (4) known as the
technique of confluence analysis. This technique starts with
two variables and successively adds further variables, inves-
tigating the resulting relationships after each addition.
These relationships indicate whether the added variable is
essential to the relationship, unessential or immaterial to
the relationship, or actually detrimental to it. The technique
of confluence analysis has been used by Tinbergen in business
cycle analysis (13), and by Stone (11) in the analysis of
price~consumption relationships.

Confluence analysis and multiple factor analysis are
similar in that they both seek to determine significance
among variables; however, whereas confluence analysis builds
up significant variables by analyzing them one at a time,
factor analysis analyzes all variables at the same time, shows
the various relationships between them, and also provides a

method for estimation purposes. Factor analysis should prove
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to be a more powerful technique than that of confluence analysis,
since it provides more information concerning the variables.
The method of multiple factor analysis avoids some of the
pitfalls of correlation analysis and confluence analysis,
No one variable is chosen as dependent upon the remaining
variables; all of the variables are considered simultaneously.
Simple correlations are found between each pair of variables;
these correlations are then analyzed to discover any under-
lying relationships which exist. The object is to be able
to explain the correlations between these variables by a
smaller number of variates, or factors; which can be considered
as clusters or combination of the original variables. These
clusters can show which variables are related in each factor,
how the factors are related to each other (i.e. whether they
are independent of each other or closely connected) and how
important each factor is in the explanation of the various
original variables. It is then possible to combine the
factors obtained into a regression system for estimation
purvoses.
For example, a number of measurements micht be taken
from several different people. These measurements could include
such things as height, weight, length of afm; chest expansion,
size of head, upper forearm, thigh, pulse rate; etc. A factor
analysis of all these measurements would probably show that
two underlying factors were involved, a body build factor and
a metabolic rate factor. Thus all of the measurements might

have been explained in terms of these two factors, and it
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would be possible to determine which of these factors had

the largest influence in any one variable of body measurement.
It could also be seen whether the two factors of body build
and metabolic rate were independent of each other or to what
extent they depended on each other. After the two factors
were determined, a regression system could be set up for
estimating the various body measurements.

The problem of selection of data is present in factor
analyéis as well as in correlation analysis; however, it is
not as important in the former as in the latter. This is
mainly because more variables can be included in a factor
analysis than are usually included in a correlation analysis;
the techniques of factor analysis can more easily accomodate
a larger number of variables than a correlation analysis. In
a factor analysis twenty to thirty variables can be included
without too much difficulty; factor analyses have been made
using from fifty to one hundred variables, although these
have resulted in very cumbersome procedures. In a multiple
correlation, on the other hand, four or five variables can
be included without too much difficulty, but any larger number
results in long and involved manipulations. Since more
variables can be utilized in a factor analysis, the importance
of each is correspondingly decreased. The significance of
including extraneous variables in a factor analysis, or
conversely of excluding essential variables, will be discussed

later.
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Theory of Multiple Factor Analysis

The techniques of multiple factor analysis were first
applied in the field of psychology. They were applied to
large batteries of tests, in an attempt to determine basic
human abilities or traits. However, the techniques are
applicable to almost any body of related information if the
theoretical criteria discussed below can be satisfied.

Factor analysis assumes that there is an underlying
order in any collection of data relating to a specified field,
and that this order can be expressed, at least in part, by a
relatively smaller number of variates than the original number.
These variates have been called 'factors', 'causes', 'functional
unities', or 'independent measuréments', depending on.the
context and on the preferences and philosophies of the inves-
tigators in the studies under consideration. They will be
called 'factors!' hereafter in this study, since this term
carries fewer connotations than the others.

The assumption of an underlying order is essential to the
theory of factor analysis. This order is not one which would
enable one to distinguish between dependent or independent
variables; it is, instead, an order which gives one the ability
to describe a large number of variables by a lesser number.
This could not be done if it were assumed that all the
original variables were completely independent of the others,
or that they were independently determined. This lesser

number of variates, or factors, is assumed to be able to
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account for the variations in the entire number of original
variables.

Before ﬁhe variables are analyzed, a table of inter-
correlations is set up. Each intercorrelation is a simple,
linear correlation between two variables; the table of inter-
correlations shows the simple correlation between each pair
of variables. This table of intercorrelations is called the

correlation matrix. The correlation matrix is the basis for

all further analysis in determining the desired factors. A

correlation matrix is shown in Figure la.

la Variables 1lb Variables
1 2 3 cesese I l 2 3 PRI ¢ |
1l ryo r13 cese Py 1 riz r13 ceseTin
2 r21 1 r23 cone r2n 2 1l r23 ....an
[i2] [7/]
3 3 rBl I‘32 l ® e o @ r3n 33 l oo¢‘r3n
o 0
W] . . . ees oo o i« eesss e
ol ol
g Ko
> L ] ® L ] L ] ® ® o @ L ] g. o o o
n 1 Tn2 rn3 1l n 1

Figure 1l. Illustration of a Complete Correlation Matrix

This table is symmetric, as the intercorrelation between
variables 1 and 2 (ry,) is the same as that between variables
2 and 1 (er). Using a general notation, rjj = Fji s thus it
is only necessary to present half of the table of intercorre-

lations to have the complete set of information. In general,
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the correlations above the diagonal will be presented with the
lower half left blank, as in Figure lb. It will be noticed
that the diagonal elements are all unity. This is true because
there is perfect corrclation in any variable with itself.

The assumption of an underlying order within the corre-
lation matrix leads to the further assumption that the
variations in any variable can be explained by means of under-
lying factors. Each variable is assumed to consist of three
types of component factor parts: common factors, which are
found in several, or perhaps all, of the variables; a specific
factor, which is unique in the individual variable; an error
factor, to account for errors in measurement of the variable.
Since the specific factors and the error factors are not

measurable individually they are combined into a unique factor,

which is not shared with any other variable. A complete factor

matrix is shown in Figure 2.

Common Factors Unique Factors

I II IIT 1 2 3 veee.. n
1 811 %32 93 Yy
< 221 822 a3 u22 (:)
3 831 232 333 33

Figure 2. 1Illustration of Complete Factor Matrix
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The value a;; shows the weight of common factor I in variable
1, aj» shows the weight of common factor II in variable 1,

aj 3 shows the weight of common factor III in variable 1, etc.
The significance of these factor weights will be discussed in
a subsequent section.

The sum of squares of the weights of the common factors
for any one variable, plus the square of the welght of the
unique factor, comprise the total variation of that variable.
It is also the equivalent of the unit variance to be found
in the diazonal of the complete correlation matrix; i.e.

(a11)%#(a;,)%4(a)5)%(u))% = 2
or, in general notation:

(aj37)%#(a55)%4(a33)%(u34)% = 1
where i is any variable from 1 to n.

The sum of squares of the factor weights, or loadings,
of the common factors alone for any single. variable is known

as the communality of that variable. This gives the amount

of the variance of each variable which is explained by these
common factors alone. The communality of any variable iis
denoted h2, where:

hi = (311)2-0-(312)24-(&13)2 ( £1)
The communality is less than or equal to one since the unigue
factors are omitted. Actually,

pf4u?, -1
As the unique factors become smaller; the communalities
approach unity.

The matrix multiplication of the complete factor matrix
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(the matrix of common factors and unique factors) by its
transposélexactly reproduces the complete correlation matrix
of Figure 1. This corresponds to the theoretical assumption
that the underlying factors are sufficient to explain and
reproduce the variations of all the original variables.
Using the common factor matrix alone, the original corre-
lation matrix can be reproduced with the exception of the
diagonal elements. The diagonal elements which do appear
are minus the effects of the unique factors; they are the
communalities mentioned above. The product of the factor

matrix and its transpose is called the reduced factor matrix.

It is shown in Figure 3.

l 2 3 esse NN

1 hi rlz r13 es oo rln
2
2 r21 h2 r23.... r2n
2
3 r31 r32 h3 cense an
n r r r h2
nl n2 n3**** “n

Figure 3. Illustration of Reduced Factor Matrix

Computation of Factors

Theoretically the complete factor matrix exactly repro-

duces the correlation matrix, However, there is no need for

1The transpose of a matrix A, denoted A', is a matrix in which
the successive rows of A have become the successive column
af A'. For a more complete description, see Thurstone (12

i il
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the complete factor matrix; interest centers on the common
factor matrix, which involves all variables, rather than
on the unique ractor matrix which shows the unique factor
for each variable. Actually, it wouldvbe sufrficient to
co.isider the common factor matrix alone, since it does
reproduce the original correlation matrix with the excep-
tion of the diagonal elements (see Figure 3).

However, the matrix which exists at the beginning of the
analysis is the correlation matrix without adjusted diag-
onal elements. The problem is to estimate these adjusted
diagonal elements, the communalities, and to derive a fac-
tor matrix which can reproduce the given matrix.

There are several possible methods for estimating the
communalities of the variables. One of the simplest meth-
ods is to adopt the highest correlation in any row (or
column) as the communality for the variable represented
by that row (or column). This selects the highest corre-
lation among all the correlations for any one variable as
the communality for that variable.

The estimation of communalities is quite important,
since if the estimate is too high, some of the unique
factors are included and thus too many factors are in-
cluded in the analysis. Too low an estimate for the

communalities likewise
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yields incorrect results. However, the method described
above has been found satisfactory for most studies.

One method of estimating factors is the centroid method.

The centroid method for determining one factor is as follows:
if several variables seem to form a similar group, all having
high intercorrelations amongst themselves and low intercorre-
lations with the rest of the variables, this group can be
considered as a factor. (The actual grouping of variables
may be purely arbitrary. The results do not depend on this
grouping process.) This factor can be computed, and its
effect eliminated from the original correlation matrix. The

remainder is called a residual matrix, which is the same type

of matrix as the original correlation matrix, except that the
correlations shown are usually smaller, since the effects of
one of the factors contained in the original correlation
matrix have been removed. In this residual matrix, the
communalities can be reestimated; this increases the precision
of estimation. If the first factor has explained all the
variation in the original correlation matrix, the correlations
remaining will approximate zero; however, if high intercorre-
lations still remain, the residual matrix is analyzed in the
same way as the original correlation matrix, to investigate
whether any further groupings can be found signifying further
factors. This process continues until the residual matrix

approximates zero.
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Interpretation of Factors - Two Factor Example

A geometric interpretation of factors gives the clearest
conception of the relationships which exist among the
variables and the factors.

Independent factors are assumed to be orthogonal to each
other, having no influence upon each other. The factor
matrix which is determined by the previously described
centroid method is composed of these orthogonal factors;
since the effect of each factor is removed individually.

In the multiple centroid method, the factors determihed
simultaneously are later transformed into orthogonal factors.
The following example from Thurstone (12, pp. 87-89)

will illustrate some of the geometric concepts involved. A
sample factor matrix of two factors is shown in Table I.

These two factors are assumed to be derived from an intercorre-
lation table from eight variables, with communalities along

the diagonal. This intercorrelation table is given in Table
LL. |

Since the factor matrix is orthogonal, the factor load-
ings can be graphed directly. The graph of these factors

is a factor structure, as shown in Figure 4. As can be seen,

Factor A is in one direction while Factor B is orthogonal to
it; variables 2 and 5 involve only Factor A, variables 6 and
8 involve only Factor B, and variables 1, 3, 4 and 7 are
combinations of both A and B. Variable 2 is almost totally
explained by Factor A. If variable 2 were completely
explained by Factor A its factor loading on A would be 1.00;




since its factor loading on A is only .90, there is still
some part of its variation not explained by that factor.
However, Factor B canhot explain any of the variation in
variable 2; the factor loading of variable 2 is .00 for
Factor B. Variable 5 is likewise only explained by Factor
A and not influenced at all by Factor B; however, less of
its variation is explained by factor A than is variable 2.

Variables 1 and 4 are explained by both Factors A and
B. They are more explained by A than B, however, since
their projections in the A direction are greater than those
in the B. direction. Variables 3 and 7 are also explained
by both A and B, but more by B than by A.

Actually, A and B are not factors; they are called

reference vectors. They provide the axes, or the orientation,

for the configuration of variables. This configuration

could be drawn without axes, as in Figure 5. The configuration
remains fixed; the variables retain the same relationship to
each other in this same pattern. The selection of reference
axes is purely arbitrary. For example, the axes could be
rotated in various directions and located as in Figure 6.

In each of these rotations a new factor matrix is derived.

The reference axes are selected so as to make the struct-
ure as simple as possible. If several variables are colinear,
or cluster in the same direction, it is desirable to place
one reference axis in that direction, since all these variables
could then be explained by the one reference vector rather

than by several. This can be illustrated by Figure 6.




Table I. Example of a Factor Matrix

-]
Variables A B ;
‘ 7
1 .70 .30
2 .50 .00 't 3
3 40 .60
k .60 .30
5 50 .00 ¥
6 .00 .60 /
7 .30 .80 |
8 .00 .80
3 1A
l
Table II. Example of a Complete Correlation N
Matrix with estimated communalities Figure 4. Example of Factor Structure "
obtained from Factor Matrix !
in Table I.

Varia-
bles 1 2 3 L 5 6 7 8

58 .63 46 51 .35 W18 W45 .24
63 .81 .36 .54 .45 .00 .27 .00
olbé 036 052 .l+2 020 036 ¢60 -l+8
Sl WDSh 42 45 30 .18 W42 W24
35 45 20 30 .25 .00 .15 .00
018 000 036 018 000 036 ol|-8 olbs
b5 27 60 42 15 A48 .73 .6k
2k 00 .48 .24 .00 .48 .64k 6L

1
2
3
4
5
6
7
8

Figure 5, Example of a Variable
Configuration




a. Factor Structure I b. Factor Structure II
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> A

c. Factor Structure IIIX

> A

Flgure 6. Examples of Different Posaible Factor »~m¥3%
Structures from One Configuration
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In Figure‘éa variables 2 and 5 can be explained in terms of
A alone, while variables 6 and 8 can be explained in terms
of B. alone. In Figure 6b all of these variables can only
be explained in terms of both A and B.

This difference in the location of reference axes is
very important. Since the selection‘of reference axes 1is
purely arbiprary, there is no absolute way of determining
what factor is represented by reference vector A. However,
if reference vector A alone is found in several variables
and explains a large part of the variation in those variables,
they can be analyzed to see what similarities they possess
and what single explanatory concept connects them all. This
concept becomes the basis of Factor I. Thus the-identification
of the factor depends on the investigator; it is his job to
analyze the variables which cluster together and determine
what the unifying concept is, and hence what the factor is.

There is another consideration in the location of the
reference vectors, especially in regard to economic data.

In addition to identifying the unifying concept comprising
any single factor, it is desirable to select one variable
which best typifies that factor, for further investigation
and for estimation purposes. This variable is the one which
lies closest to the reference axis and has the longest pro-
jection on that axis (hence having most of its variation
explained by that reference vector alone).

The amount of explained variation of any variable equals

the sum of squares of the factor loading of that variable. e
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Thus the explained variation for variable 1 in the above
example (see Table I) is (.70)2 +'(.30)2, which equals .58.
Since the total variance for any variable equals unity, the
unexplained variance for variable 1l is .42. These may also
be put in terms of percentages; thus, 58% of the variation
in variable 1 is explained by Factors I and II, while 42%
is not. The unexplained variance may be caused by specific
factors occuring only in this variable or by errors in the
measurement of this variable.

The amount of explained variation remains the same no
matter how the reference axes are rotated. This is true
since the configuration between the variables remains the
same. It can also be noted that the amount of explained
variance of each variable is equal to the communality of
that variable.

In summary, the factor matrix is an orthogonal matrix.
It can be graphed, with the graph giving the fixed config-
uration existing between the variables. The first graph
depends on a pair of reference axes which are determined by
the method used to derive the factor matrix (which in most
cases arbitrarily determines the location of the axes); these
reference axes can be rotated to obtain the best factor
structure, with as many variables as possible located on
these axes and with as large projections as possible on
these axes. The amount of explained variation for any one
variable is equal to the sum of squares of the factor load-

ings of that variable; the unexplained amount equals one . -
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minus the explained amount. The unexplained amount may be
due to specific factors or errors in measurement of the
variable. It is up to thé investigator to determine what
the unifying concept is for any one factor and to select
the variable which best typifies that factor for use in

estimating equations.

Extension to More Than Two Factors

The above example has dealt with a factor structure in
two dimensions, signifying two factors. This may also be
extended to three factors, or, geometrically, a three-~
dimensional structure. Although it is more difficult to
illustrate geometrically, all the concepts which apply to
two factors are also applicable to three. Independent
factors are orthogonal, the axes must still be rotated to
obtain thé best factor structure, the explained variance is
the sum of squares of the factor loadings, and the investi-
gator must still decide what the factors represented
actually are.

When the number of factors goes beyond three, the geo-
metric analysis breaks down completely. However, theoret-
ically four factors span a four-dimensional space, five
factors span a five-dimensional space, while n factors span
an n-dimensional space. The same factor concepts are still
applicable as in the case of fewer numbers of factors.

The graphic technique described above shows how the refer-
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ence axes are located to get the best structure possible
for two factors. (See Figure 6. The best structure is
shown by Figure 6a.) When three or more factors are
present this same technique may be used with but a slight
modification. FEach pair of common factors are graphed, and
the rotation of axes accomplished in a series of rotations,
adjusting first one reference axis and then another until

the best structure is found for all the factors.

Correlated Factors

Until this time only completely independent factors
have been considered, represented by orthogonal reference
axes. However, this restriction is unnecessarily severe,
especially in regard to economic data. Basic factors might
be, and probably are, correlated in economic data. By remov-
ing the restriction of strictly orthogonal reference vectors
it is possible to discover whether or not the basic factors
are correlated and, if so, how closely they are correlated.

This may be done by deriving the best structure possible
for the factors without the restfiction that the reference
axes are orthogonal to each other. If it appears that a
cluster of variables determines a reference axis at an acute
or obtuse angle to another axis, this is investigated. If
the new structure derived is better than the structure
derived with orthogonal axes, it is accepted. The angle
between the axes signifies the strength of the correlation

between the factors.
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Ta. Rotation 1
17’
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Tb. Rotation 2
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Flgure 7. Examvple of a Rotated Factor
Structure




- 28 -

A hypothetical example is set up in Figure 7. This
shows that one cluster of variables may locate reference
axis I, but an axis orthogonal to I will have little meaning
as far as the second cluster of tests is concerned. Rotat-
ing reference axis II to II' will improve the structure; it
also shows that the two factors located by these two refer-
ence axes are correlated with each other.

It does not matter whether the orthogonal axes are
located as in Figure 7a or as in 7b. In Figure 7a, reference
axis I goes through the cluster of 1, 3, 4 and II must be
rotated to go through the cluster 2, 5, 6. In Figure 7b,
reference axis II goes through the cluster 2, 5, 6 and I
must be rotated to go through 1, 3, 4. The end result, how-
ever, gives the two axes with the same angle of separation.
This also illustrates the point that it does not matter in
what order the reference axes are rotated. Since the config-
~uration of variables remains fixed, the end results are the

same no matter what order of rotation is used.

Inclusion of Data

The original variables are explained in terms of a
smaller number of common factors which are found in several,
if not all, of these original variables. It can be seeh if
an extraneous variable is included, since the common factors
will explain very little of the variance of this variable

and most of its variance will be left unexplained. This
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unexplained variance will be due to an unique factor in
this variable.

However, if several new variables which contain the
same, but previously unique, factor are added to the matrix,
this factor would then become a common factor found in the
otherwise extraneous variable and the newly added variables.
It would be added to the common factors derived prior to the
inclusion of the new variables. The importance of this new
common factor could then be investigated.

Thus, if extraneous variables are included in the analysis,
they can be identified as such and eliminated. However, the
inclusion of new variables might show this extraneous
variable to contain a common factor after all. Also, the
inclusion of new factors might change the importance of
previously determined factors in relation to the variables
in the analysis.

One further point is pertinent here. If it is found
that very little of the variance of a variable has been
explained by the factors, there is nothing to indicate what
further factors will explain this variance. The investigator
might set up his study anew with revised variables, but this
depends on his judgment alone. There is nothing in the

method of factor analysis to aid him here.
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Strengths and Weaknesses of the Method of Factor Analysis

The main strength of factor analysis is its ability to
reduce a large number of variables to a smaller number, with-
out losing any of the essential information. This smaller
number of variables enables one to recognize the fundamental
factors present in the large body of variables, since they
are the basic component parts of the larger body. It is
then possible to work with the factors rather than the com-
pPlete number of variables.

There is value in being able to recognize what these
basic factors are, and in analyzing how they fit into a
theoretical framework. These factors can also be used for
estimation purposes. The factor analysis aids in the selec-
tion of variables which best represent the various factors,
and these variables can be used in standard regression
systems. This method of selection of variables should be
more reliable than that based solely upon the judgment of
the investigator in setting up regression systems.

There are some weaknesses in the method of factor analysis
itself. The most important of these are the estimation of the
communalities, the rotation of the reference axes to obtain
the best factor structure, and the identification of the
factors. These are places where the investigator makes
independent decisions which affect the over-all results.
However, experience in the methods and techniques of factor

analysis can reduce these weaknesses to a minimunm.
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More serious are the weaknesses which result from
theoretical concepts. Factor analysis cannot be used to
distinguish causes from effects. It shows what the primary
factors are, and whether they are independent of each other
or correlated in some way, but it is not designed to show
casual relationships. Also, the method gives no indication
of what variables should be included in the total number of
variables in the analysis. These must be selected on the
basis of theoretical concepts, independent information,
and the judgment of the investigator. If a number of impor-
tant variables are excluded from the analysis, the results
obtained may or may not indicate that some variables are
lacking. If they are subsequently included, and they are
important to the analysis, the previously obtained results
may be completely revised.

Factor analysis is based on a table of intercorrelations.
Whenever time series are used in correlations a theoretical
weakness exists since successive items are not independent
of each other and serial correlations occur in the data. In
other words, a price of one month depends on the prices of
preceding months, in addition to other causal factors. This
serial correlation in individual variables is assumed to be
less than the intercorrelation between variables, however,
Sso that time series can be used in correlations.

In using time series data for factor analysis, a factor

structure is obtained for any given time period. In order
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to obtain the same factor structures for two time periods,
similar conditions have to exist for both periods. For
example, a shift in demand could not occur without causing
changes in the factor structure. Ffactor analysis over two
time periods might be used to examine whether these changes
had taken place and how they had affected different
variables.

When a variable has factor loadings on more than one
factor it is possible to describe the variable in terms of
the factor which appears to influence that variable to the
greatest extent. In terms of the example given earlier,
where body build and metabolic rate factors were determined
from body measurements, the chest expansion measurement
might be said to be influenced primarily by the body build
of an individual. However, knowing the metabolic rate of
the individual would also be necessary before the chest
expansion could be accurately determined. Thus the affects
of all the factors would have to be considered before the
total net effect could be determined.

It should be emphasized that the naming of the factors
in a factor analysis is not a part of the factor analysis
itself. The factor clusters are determined by the analysis,
but the naming of the factors depends primarily on the
investigator. The naming of the factors is most important
in fitting these factors into a theoretical framework.

There are many ways of describing a factor structure.

A cluster of variables determines a factor, which in turn
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can be said to explain these variables. This is a kind of
circular process, where the variables locate the factor and
the factor explains the variables. Occasionally some
variable might appear to be principally influenced by a
factor in the factor structure when there is no logical
correspondence between the variable and the factor. This
could be due to a relationship which further study might
uncover; it could also be due to an accidental relationship
where the factor and the variable apparently followed the
same trend due to different causes. Mis-naming a factor
might also lead to a contradiction between factors and
variables in the factor cluster. The judgment of the inves-
tigator plays an important part in deciding whether a factor
'influences' or 'explains'! the variation in a variable or
whether the factor and the variable in question follow the
same trend due to an incidental relationship. This depends
primarily on background knowledge concerning the area being

investigated.
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ITI.PROCEDURE

Basic Data Used

The data used in this study were aggregate statistics
of the United States, published by the U. S. Department of
Agriculture, Department of Commerce, and Department of
Labor. Data on supply, disappearance and prices (both whole-
sale and retail) for the individual dairy products were
included. Information was also included on general economic
conditions, such as wholesale and retail price levels, depart-
ment store sales, purchasing power, employment, etc. These
will be enumerated in detail in a subsequent section.

Since so many variables were included, it was necessary
to get a large number of observations for each variable. Due
to the analysis used, it was also necessary to have these
observations for comparable time periods. Annual data were
not adequate, since many time series are only complete back
to 1929; this would provide only twenty or so observations
for each variable, and these would be too few to obtain
consistent results for the number of variables involved.
Consequently monthly data were employed for each variable.

The effects of different time periods in such a problem
were considered, especially in regard to the war years. To
investigate this, two different sets of analyses were made,
utilizing the same variables but comprising two different
time periods. The first covered the period from 1929 to
1941; the second covered the period from 1929 to 1948. Henggﬂ;n
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the first begins with the boom year 1929, includes the
depression period of the 1930's and the start of the up-
swing at the end of the 1930's and the early 1940's, ending
with the U. S. entry into World War II. The second includes
all of the information of the first plus the World War II
period and some of the period of post-war adjustments as
well. These analyses will be discussed individually and
then compared to discover the similarities and differences
between the two.

There has been some criticism concerning the accuracy of
the basic data used in this study. Much of this criticism
is justified, since it is recognized that these data contain
many errors. JSome of tnese errors are due to interpretation
concerning what should be included in or excluded from the
data. Others are due to the unavailability of data due to
a lack of records or the presence of non-comparable data.
Still others are due to the attempt to cover the entire
United States, thus raising the problems of sampling from
such a large population and of covering the entire population
satisfactorily.

These errors in the data are certain to affect the résults
of this study. However, if the errors are small relative to
the reported statistics, the effects of these errors can be
assumed to be at a minimum especially in regﬁrd to the factor
analyses. This is true since small relative errors would

have little effect on the correlations which are the basis
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of the factor analyses. &ven if these errors were reclatively
large, it ;6uld still be possible to test the applicability

of the method of factor analysis to economic data, although
the results of the factor analyses might change with revisions
in the basic data.

The errors in the basic data become of greater importance
when an attempt is made to forecast future events. Using
incomplete or incorrect data cannot yield accurate results;
the results will be in terms of these data. If a systemmatic
bias exists in the data, i.e. a constant overestimation or
underestimation, this would not seriously affect the results;

however, this would not be the case if these errors are not

systemmatic.

Description of Data

There are 76 variables included in this study. A complete
description of these, including the sources from which they
were obtained, is given in Table III. (The variables are
numbered to 79, but 67 and 68 are combined in the one variable
67A while 69, 70 and 71 are the single variable 69A. This is
due to the I.B.M. set-up.)

PRODUCTION: The total U. S. monthly milk production consti-
tutes variable #1. Total monthly factory production of the
various dairy products, butter, cheese, evaporated milk,
condensed milk, dry whole milk, and dry or powdered skim milk

constitute #2-7 and #42. Oleomargarine production, #8, has
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also been included for comparison with butter.

PRICES: The average price per pound of butterfat, #9, and
the average wholesale price per hundred pounds of milk, #10,
have been included as general, over-all indicators of milk
prices. The butterfat-feed price ratio, #11, and the milk-
feed price ratio, #1l2, are included to investigate what
relationships they might have with the other variables.

The average price to producers for fluid milk constitutes
#13, while the average price to producers for manufactured
products is #l4. The averagze wholesale prices for the six
previously listed dairy products are #15=-18, #41 and 42,
while the average retéil prices for dairy products are #19-
22. The average price per pound of uncolored oleomargarine
is variable ;23.

The general Consumers Price Index (i.e. Cost of Living
Index), the Consumers Price Index for Foods; the Wholesale
Price Index, and the Wholesale Price of Foods Index have
been included in #24-27 to investigate their relationships
with other wvariables.

Real wholesale and retail prices of the various dairy
products comprise variables #43-51, 54-57. These were derived
by dividing each actual monthly retail price by the corre-
sponding monthly Retail Food Price Index (#25) and each
actual monthly wholesale price by the corresponding Index of

Wholesale Food Prices (#26).




Table III. Variables Included in this Study, giving Description and Source of Data

Variable
Number Description Source
1 Milk, Production on Farms B.A.E., U.S.D.A.
2 Creamery Butter Production " "
3 Cheese, Total Factory Production " "
[ Evaporated Milk, unskimmed case goods production n "
5 Condensed iilk, skimmed, sweetened and unsweetened
case goods and bulk goods production n n
6 Dry Whole Milk Production n n
7 Ice Cream Factory Production n n
8 Oleomargarine Production " "
9 Butterfat, average price per pound received by farmers " "
10 Milk, average wholesale price per 100 pounds received
by farmers " "
11 Butterfat-feed price ratio " "
12 Milk-feed price ratio " n
13 Milk, average dealers buying price per cwt. for

standard grade milk " "
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Table III. Variables Included in this Study, giving Description and Source of Data

(Continued)
Variable
Number Description Source

14 Milk, average price per cwt, paid producers for 3.5 B.A.E., U.S.D.A.

milk delivered at condenseries
15 Cheese, fresh single daisies, average wholesale

price per pound at Chicago " "
16 Cheese, American twins, wholesale price on

Wisconsin Cheese Exchange " "
17 Creamery Butter, 92 score, average wholesale price

per pound " "
18 Evaporated Milk, unsweetened, average wholesale

selling price per case " "
19 Milk, fresh, delivered, average retail price per

quart in leading cities " n
20 Evaporated milk, average retail price per 144 oz.

can in leading cities " "
21 Cheese, average retail price per pound in leading

cities " n
22 Butter, average retail price per pound in leading

cities " n
23 Oleomargarine, uncolored, average retail price per

pound in leading cities " n
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Table III. Variables Included in this Study, giving Description and Source of Data

(Continued)
Variable
Number Description source
2l Consumers Price Index for moderate income families
in large cities B.L.S., U.S.D.L.
25 Retail Food Prices in large cities " "
26 Index Numbers of Wholesale Prices in Foods
(1926 = 100) " "
27 Wholesale Price Index of All Commodities (1926 = 100) " n ;_
28 All Manufacturing Industries, Employment Index ?
(1939 = 100) " "
29 All Manufacturing Industries, Payroll Index
(1939 = 100) " "
30 Retail Cost of the Market Basket B.A.E., U.S.D.A.
31 Marketing Margin on the larket Basket " n
32 Retail Cost of Dairy Products in the Market Basket " n
33 Marketing Margin on Dairy Products " n
34 Fluid Milk Marketing Margin " n
35 Butter Marketing Margin " n

36 American Cheese Marketing Margin " "




Table III. Variables Included in this Study, giving Description and Source of Data

(Continued)
Variable
Number Description Source
37 fvaporated Milk Marketing Margin B.A.E., U.S.D.A
38 Estimated Population of the U.S.- " n
39 Department Store Sales Federal Reserve Bulletin
40 Milk, dry or powdered whole, average wholesale
selling price per pound B.A.E., U.S.D.A.
L1 Dry Skim Milk, average wholesale price per pound " n
42 Dried or Powdered Skim Milk, production " "
L3 Cheese, real wholesale price per pound at Chicago #15 & # 26
Lde Cheese, real wholesale price on Wisconsin Cheese
Exchange 16 s 26
45 Creamery Butter, real wholesale price per pound 17 2 26
L6 Evaporated Milk, real wholesale price per case 18 - 26
L7 Delivered Milk, real retail price per quart 19 = 25
48 Evaporated Milk; real retail price per 143 oz. can 20 + 25
L9 Cheese; real retail price per pound 21 = 25
50 Butter, real retail price per pound 22 < 25




Table III. Variables Included in this Study, %iving Description and Source of Data

(Continued
Variable
Number Description Jource
51 Oleomargarine, real retail price per pound #23 < #25
52 Market Basket, reai retail cost 30 { 25
53 Dairy Products in the Market Basket, real retail cost 32 < 25
54 Dry Whole Milk, real wholesale price per pound LO = 26
55 Dry Skim Milk, real wholesale price per pound Ll 2 26
56 Butterfat, real wholesale price per pound 9 = 26
57 Milk, real wholesale price per cwt. received by
farmers 10 = 26
58 Real Purchasing Power in Manufacturing Industries 29 { 2
59 Manufacturing Industries Employment, advanced one )
month #28 advanced one month
60 Manufacturing Industries fmployment, advanced two
months 28 advanced two months
61 Retail Food Price Index, advanced one month 25 " one "
62 Retail Food Price Index, advanced two months 25 " two "
63 Real Purchasing Power, advanced one month 58 n one "

64 Real Purchasing Power, advanced two months 58 " two "
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Table III. Variables Included in this otudy, <iving Description and source of Data

(Continued)
Variable
Number Description Source
65 Consumers Price Index, advanced one month #24, advanced one month
66 Consumers Price Index, advanced two months 24 " two months
67-A Time Variable, months 1,2,3,...,11,12
69-A Time Variable, consecutive 1,2,3,0004,156,.0...240
72 Time Variable; seasonal
73 Creamery Butter, disappearance B.A.E., U.S.D.A.
T Cheese, factory made, whole milk and part skim;
disappearance n "
75 Evaporated iMilk, disappearance " n
76 Fluid Milk and Cream, disappearance " n
17 Total Freight Car Loadings Index (1935-39 = 100) Federal Reserve Bulletin
78 Short Term Consumers Debt n " n
79 Industrial Production, Index of Physical Volume

(1935-39 = 100) " " "

_€47-



- Ll -

In order to investigate the effects of one month's
prices on a subsequent mcnth's production or prices, four
indicators are used. The Retail Food Price Index is ad-
vanced one month and thus compared with the other wvariables
for the following month (for example, the Retail Food Price
Index for January advanced and analyzed against February
data) in #6l1; it is advanced two months and compared with
the variables two months afterwards in #62. The general
Consumers Price Index is advanced one month and compared
with the variables in the following month in #65; it is
advanced two months and compared with the variables two

months afterwards in #66.

MARKETING MARGINS: The Retail Cost of the Market Basket

and the Retail Cost of Dairy Products in the Market Basket
comprise ;#30 and 32. (The Market Basket of Farm rood Products
is a total of 93 food items, in proportions determined by the
1935<«39 annual average purchases per family of three average
consumers.) The marketing margins on the market basket, on
dairy products as a whole, and on various individual dairy
products comprise #31 and #33-37. (A marketing margin is
defined by the B.A.E. as the difference between the retail
price paid by consumers for a commodity and the payment to

farmers for an equivalent amount of that commodity.)

DISAPPEARANCE DATA: The monthly disappearance of butter,
cheese and evaporated milk appear as #73-75. The data for

January, 1941 to February, 1947 have been approximated, since
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the war years were not included in the regular published
series. The approximations were made by using the annual
disappearance data (which were available) for the individual
products, and applying a monthly seasonal index for each
which was derived from the monthly data of 1920-1940 and
1947-1949. The method of link relatives was used to derive
these monthly seasonal indexes (3). These consumption data
were for civilian consumption alone during the war years.

The monthly disappearance of fluid milk and cream, #76,
was computed as a residual of the total monthly milk supply,
after subtracting the milk equivalent of butter, cheese,
evaporated milk and ice cream produced each month. This was
necessary because the disappearance data for fluid milk and
cream have not as yet been published. The four products
listed above cover most of the dairy products consumed out-
side of fluid milk and cream and were the only ones available
for use. The determination of the disappearance of fluid
milk and cream by this residual method should approximate
the actual disappearance relatively closely. A table showing
the monthly disappearance of fluid milk and cream which was
determined by this method is given in Appendix C.

There are no disappearance data shown for ice cream,
since it is assumed that the production figures reproduce
the disappearance figures closely. The milk equivalent for
monthly ice cream production (used to derive the residual
disappearance data of fluid milk and cream) was derived by

taking the milk equivalent of the annual ice cream production
&
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(which is available) and allocating it among the months by
the amount of monthly ice cream production. This is not
completely accurate, since some storage stocks of fluid

cream are used for ice cream production during the off-season;

however, it should be sufficiently accurate for use here.

GENERAL HKCONOMIC INDICATORS: The Index of Employment for

All Manufacturing Industries comprises variable #28. This

is used as an indicator of total employment since the actual
data for total U. S. employment is not available for a
sufficient period of time. It has been assumed, however,

that employment in manufacturing industries is a major element
of total employment, and thus can be substituted for it. This
employment variable is advanced one month in #59, to note the
effect on other variables (i.e. January employment compared
with February data); it is advanced two months in #60.

The Index of Payrolls in All Manufacturing Industries
comprises #29. This is used as an indicator of national
income. Actual national income statistics published on a
monthly basis are adjusted for seasonal variation and it is
almost impossible to derive the unadjusted data. This Index
of Payrolls for manufacturing industries serves as ah
indicator of relative movement of the national income, rather
than as an indicator of its absolute level. It omits such
things as pensions, interest, and dividends; however, the
series does provide comparable information on a relative
basis even if somewhat understating the absolute levels.

An estimate of real purchasing power in manufacturing N
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industries (#58) was derived by dividing each month's pay-
roll figure by the corresponding month's Consumer Price
Index for All Commodities. This estimate of real purchasing
power advanced one month is variable #63; it is advanced two
months as #6k4.

The estimated population of the U. S. constitutes #38.
Estimates have been made for the population at six months
intervals, for January 1 and July 1, since 1909. These
figures were adapted to monthly estimates by a straight
line interpolation for each six months period. During the
period 1941-1948, the estimates of the civilian population
were used, rather than those of the total population, thus
eliminating from the estimates the members of the armed
forces. This estimate of the population is included as a
separate variable, rather than taking account of it in the
other variables (i.e. instead of using per capita production
and consumption data the totals are used, and the population
estimate included separately).

Total U. S. Department Store Sales are included as
variable #39. Total freight car loadings comprise #77,
short term consumers debt is #78, and the physical volume

of industrial production is #79.

TIME VARIABLES: Three estimates of time trends have been
included. A monthly time trend comprises #67-A (which in
the original numbering of the variables included both 67

and 68); this was set up by a consecutive numbering of the
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months from January to December. Thus a cyclical pattern

is set up, which is repeated for each year. A consecutive,
straight line trend comprises #69-A (which in the original
numbering of the variables included 69, 70 and 71). This

was to investigate any steady increase which exiSts in the
included variables. A special seasonal trend comprises #72 ;
this was set up to approximate the seasonal pattern of monthly
milk production, in order to investigate its relationship

with dairy products data.

Processing of Data

Since a factor analysis cannot begin until a table of
intercorrelations is set up, the first step was to compute
the simple correlations between each pair of variables for
this table. With 76 independent variables in this study,
there were 2,850 distinct correlations to be computed for
each intercorrelation table and, since two different time
periods were used, two intercorrelation tables were necessa-
ry. This made a total of 5,700 simple correlations to be |
computed. Each correlation in the first table contained 240
observations (the 240 months in the period 1929-1948), while
each correlation in the second table contained 156 observa-
tions (the 156 months in the period 1929-1941).

Using the raw data for these computations would have
involved very long and cumbersome processes. Using first
differences between the observations, logarithms, or link

relatives would have been just as cumbersome, if not more so.
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Also, making all the necessary computations by hand calcu-
lating machines would have meant not only innumerable hours
of labor but also innumerable possibilities of errors, due
to the number of computations necessary.

In order to cut down on the number of computations and
the possibilities of error, an I.B.M. tabulabion.set-up was
used. Bach variable was coded by taking the complete range
of data and dividing it into equal parts, corresponding to
the ten numerals (0,1,2,...,8,9) in each column of an I.B.M.
card. Each variable was then assigned to a column of the
I.B.M. card, i.e. variable #42 was also column 42 on the
card. (The reason why some numbers were skipped in the
numbering of the variables was due to this correspondence
between the number of the variable and the number of the
column on the I.B.M. card. The monthly seasonal time
variable, #67-A, actually was placed in two columns, 67 and
68, since the seasonal was coded to correspond to the months,
i.e. as 01,02,...10,11,12. The straight line trend, #69-A,
actually covered three columns, 69, 70 and 71, to correspond
to the consecutive numbering of the observations as 001,002, -
«e03011,012,013,¢¢.,239,240 for the first intercorrelation
matrix and 001,002,...,011,012,013,...,155,156 for the second
intercorrelation matrix. These numbers correspond to the
total number of months in each time period. The wvariables
#67-A and 69-A were the only ones to cover more than one

column on the I.B.M. card; all the other variables were

coded to include all the data in a single column.
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Since the range of data usually differed for the two
time periods under consideration, with higher values usually
occurring in the period from 1941 to 1948 than had occurred
during the period 1929-1941l, two different codes were neces-
sary for the two intercorrelation tables. For example, in
variable # 7, Monthly Ice Cream Production, the range of
values for the period 1929-1948 was from 5,631,000 gallons
to 91,958,000 gallons per month. A large part of this
-increase occurred during the latter part of this period,
however. During the period 1929-1941 the range ofrvalues
was from 5,631,000 gallons to 54,681,000 gallons per month.
The coding had to take into consideration this difference in
the two time periods. The two complete codes for variable
#7 are reproduced in full in Table IV.

Bach variable was coded in this same fashion. Each
code was different, depending on the range of values for
the time period under consideration. The coding interval
for each individual variable was kept constant, but this
interval varied between variables and also varied for the
same variable in the two correlation matrices due to the
difference in the range of values. For example, in the code
for "Ice Cream Production 1929-1948" (see Table IVa) the
coding interval was 10,000,000 gallons; and this stayed
constant for each code number. In the code for "Ice Cream
Production 1929-1941" (Table IVb) the coding interval was
5,000,000 gallons and this stayed constant for each code

number. However, the code interval obviously changed for




Table IV. Illustration of Coding Used for I.B.s. Process!

IVa. Ice Cream Production IVb. Ice Cream Production
Analysis I 1929-1948 | Analysis IT _ 1929-1941
gg;ggg Interval (in thousands) ngggg Interval (in thousands)
0 below 10,000 gallons 0 below 10,000 gallons
1 10,000 - 19,999 " 1 10,000 - 14,999 "
2 20,000 - 29,999 " 2 15,000 - 19,999 "
3 30,000 - 39,999 " 3 20,000 - 24,999 "
b 40,000 - 49,999 " b 25,000 - 29,999 "
5 50,000 - 59,999 " 5 30,000 - 34,999 "
6 60,000 - 69,999 " 6 35,000 - 39,999 "
7 70,000 - 79,999 " 7 40,000 - 44,999 "
8 80,000 - up 8 45,000 - up

'Codes given are for Variable #7, Monthly Ice Cream Production

_-[g..



the same variable in the two time periods, and the code
interval also changed between different variables since
the range of values was different.

Each I.B.M. card contained the coded information for
all variables for any given month. Thus the coded data
for all variables for January, 1929 were on card #l, the
data for February, 1929, on card #2, etc. By appropriately
sorting and tabulating these cards, the sums, sums of
squares, and cross-products for each variable were obtained.
These were used to obtain the necessary correlations, which
were computed by hand calculating machines rather than by
I.B.M. machines. However, the use of the I.B.4. tabulations
greatly reduced the number of hand computations and also

reduced the number of possible errors in the calculations.

Comparison of Coded and Uncoded Data

It was recognized that coding the variables for the
I.B.M. process might change the value of the correlation
coefficients. A small number of variables were selected
and correlations were computed for them using the uncoded
data. Comparisons of the correlation coefficients derived
from coded and uncoded data from both intercorrelation
tables are given in Table V. These variables were selected
at random from the complete correlation table.

The correlations for the coded data are generally lower

than those for the uncoded data. Thus it can be said that
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Table V. Comparison of Some Randomly selected Correlation
Coefficients showing Differences between Coded
and Uncoded Data

A. Matrix I 1929-1948

Variables
being Correlation Coefficients
Correlated Coded Uncoded Uncoded-Coded
1l, 10 <1971 . 2009 .0038
1, 25 .2379 . 2605 .0226
1, 28 « 3492 «3725 .0233
1, 29 J341L 3744 .0330
25, 28 . 7008 «7330 .0322
3, 12 -.1086 -.1030 .0056#
12, 19 .1586 .1834 L0248
19, 24 «9461 9776 .0315
24, 28 « 7141 .7178 .0037
28, 31 4396 4511 .0115
31, 39 .6398 .6873 L0475
39, 47 ~.5813 -.5718 .00954#
59, 61 . 6989 . 7340 .0351
3, 61 <4765 <4957 .0192
B. Matrix II 1929-=1941

1, 10 -.3029 -.3005 . 0024#
1l, 25 -.0862 -.0933 -.0071
1, 28 .0862 .1166 .0304
l, 29 .0918 .1326 . 0408
25, 28 L4234 cW267 .0033
3, 12 -.1987 -+2159 -.0172
19, 24 .8753 .8726 -.0027
24, 28 3009 « 3044 .0035
28, 31 .0394 .0569 .0175
31, 39 .1013 .1106 .0093
47, 59 «1564 .1100 ~.0L6.
59, 61 <3970 4348 .0378
3, 61 -.1600 -.1266 .0334#

Denotes poorer correlation coefficient in uncoded data
than in coded data




the correlation coefficients for the coded data are in

general underestimated rather than overestimated. These
effects of the coding of the data might be reflected in the
factor analysis but, if so, they would tend to under-

estimate the common factors and attribute more of the varia-
tion to unique factors. This underestimation of common factors
is less serious than an overestimation of common factors.

Comparison of the Correlation Coefficients of the Two Time
Periliods

From Table V it can be seen that the correlation
coefficients from Matrix I, 1929-1948, were generally higher
than these concerning the same variables from Matrix II,
1929-1941. For example, the coded correlation between
variables #25 and #28 was .7008 in Matrix I and .4234 in
Matrix II. This was true for the majority of the coded
correlation coefficients.

It can be seen how the correlation coefficients were
lower during 1929-1941 than during 1929-1948 when the effects
of the business cycle are considered in relation to these
data. During 1929-1941 business conditions were in a very
unsettled state, and the variables under consideration here
were not all affected in the same fashion or at the same
time by these business conditions. However, over the longer
period of time, with the addition of the inflationary trends
of the period 1941-1948 which affected practically all of

these data in a like manner, the correlations between
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variables for the period 1929-1948 were generally higher.
Even though this discrepancy exists between these two
time periods, factor analyses can be applied to the individ-
ual time periods. As subsequent sections show, the same
factors may be found existing in both time periods even

though differences exist in the correlation coefficients.

Computation Methods Used in Factor Analyses

A multiple group centroid method of factorization was
used in all analyses in this study. Thus several factors in
any one amnalysis could be determined simultaneously. If the
residual matrix showed many large values, the factorization
process was continued until the residual matrix contained
values which were not significant. Any value below 0.16
was judged to be non-significant. Any variables showing
non-significant residuals were removed from the residual
matrix before the factorization process was continued with
the variables still showing significant residuals.

The communalities were estimated by selecting the high-
est coefficients appearing for the individual variables.

These communalities were reestimated in the residual matrix
before the factorization process was continued; this was done
to increase the precision of the estimate of the communalities.
However, in a few cases this reestimation of the communalities
resulted in over-determination, as the total communality

resulting from the factor structure was over 1.00. Some of
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these cases have been mentioned in the text where they are
an important part of the analysis. The complete number of
variables whose communalities have been overestimated can
be found in Appendix A, where the orthogonal structures and
communalities for all variables in the individual analyses
have been given.

An orthogonal structure was derived for each analysis.
The axes were then rotated to obtain the best simple
structure, and in most cases oblique, rather than orthogonal,
structures resulted. The rotated factor structures, along
with the cosines of the angles between the factors, have also
been given in Appendix A. In a few cases distortions arose
from the rotation process, where a variable which showed a
fairly clear structure in the orthogonal matrix showed an
indeterminate structure in the rotated matrix. In these cases
both the orthogonal and the rotated matrices were used in the
analysis of the factor structure. Most of_these cases of
distortions due to the rotation process have been noted in
text wherever they were important in the analysis.

The absolute sizes of the factor loadings in the rotated
matrices were not of major significance. The relative sizes
of the factor loadings within each factor were of importance
and the directions of the loadings, i.e. whether they were
positive or negative, were also of importance. A comparison
of the sizes of factor loadings between factors of different
analyses or between factors within the same analysis would

have little meaning, as the sizes of these loadings depended
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upon the rotation process which differed between analyses.

Individual Factor Analyses

The 76 variables included in this study were not analyzed
as a complete group. Instead, separate analyses were made of
various groups of these variables. These groups included:
General Economic Conditions; Prices; Fluid Milk and Cream;
Butter; Cheese; Condensed, Dry and Evaporated Milk; Production
and Disappearance of Dairy Products; Marketing Margins. Each
variable was used at least once in these analyses.

Each group consisted of two analyses, one covering the
period 1929-1948 and the other the period 1929-1941. A
comparison was then made of these two analyses, discussing
the similarities and differences which existed. For the
individual commodities estimates of the monthly disappearance
in 1949 and the first part of 1950 were made using multiple
regression systems based on the factor analyses. These regres-
sion systems were set up using the same number of variables
as there were factors in the commodity analysis and the
variables for these systems were selected from the point clus-
ters of the factors.

The analysis of General Economic Conditions included
graphs of the factor structure to illustrate the point‘clusters
and the factor configurations. The graphic structure has been
omitted from all other analyses, however, since these struct-
ures become more cumbersome when more than two factors are

present. Each analysis contains a summary of the factor
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structure, giving those variables showing simple structure,
those showing complex structure, and those showing an
indeterminate structure in the analysis., The complete
orthogonal matrices and rotated matrices with the cosines
of the angular separations between the factors for all

analyses will be found in Appendix A.
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IV. ANALYSES CF ECCNOMIC DATA

GENERAL ©®ECONOMIC CONDITIONS

All of the variables included in this study which
pertain to general economic conditions were included in
this group. These included,among others, the consumers
price index, the food price index, indices of employment
and payrolls in manufacturing industries, real purchas-
ing power, short term consumer debt, and industrial
production. A complete list of these variables is given
in Table VI. A discission of the factor analyses of

these variables follows.

Analysis I 1929-1948

Two factors were evident among these variables.
These factors were not independent; there was some rela-
tionship between them. A graphic presentation of the
factor structure is given in Figure 8. A summary of this
structure is given in Table VII. This latter table gives
the variables where the'principal component was Factor I
or Factor II and the variables which were influenced
by neither Factor I nor Factor II (denoted as Indeterminate
in this structure).

The variables influenced by Factor I were wholesale and




- 60 -

retail prices, both actual and advanced through time, the
estimated population, and short term debt. Almost all of
these are consistent with the hypothesis that Factor I was

an indicator of the general price level. The general price
level factor had a great influence on the indexes of whole-
sale and retail prices and also on the amount of short term
consumer debt. The appearance of the Estimated U. S. Popu-
lation in this group was probably an accidental relationship.
This will be discussed again later.

The variables influenced by Factor II were industrial
employment, both actual and advanced through time, real
purchasing power, both actual and advanced through time,
and an index of industrial production. All of these are
consistent with the hypothesis that Factor II was an indica-
tor of general industrial activity.

Department Store Sales, #39, were primarily influenced
by Factor I, the general price level factor, although Factor
II, the industrial activity factor, appeared to have a
slight influence on this variable also. Industrial Payrolls,
#29, were mostly influenced by the industrial activity
factor, although the general price level factor influenced
them somewhat.

The Marketing Margin on the karket Basket, #31, appeared
to be largely influenced by the general price level factor
and somewhat adversely affected by the industrial activity
factor. In other words, as industrial activity increased,

marketing margins on the market basket decreased; as industrial



Table VI. Variables Used in Analysis of General Economic Conditions

Variable
No. Description

1. 2l Consumers Price Index for Moderate Income Families in Large Cities

2. 25 Retail Food Price Index for Large Cities

3. 26 Index of Wholesale Food Prices

k. 27 Index of Wholesale Prices of All Commodities

5. 28 Employment Index for All Manufacturing Industries

6. 29 Payroll Index for All Manufacturing Industries

7. 30 Retail Cost of the Market Basket

8. 31 Marketing Margin on the Market Basket '
9. 38 Estimated Population of the U. 5. foN
10. 39 Department Store Sales =
11, 52 Real Retail Cost of the Market Basket !
12, 58 Real Purchasing Power in Manufacturing Industries
13. 59 Employment advanced 1 month
14, 60 Employment advanced 2 months
15. 61 Retail Food Prices advanced 1 month
16, 62 Retail Food Prices advanced 2 months
17. 63 Real Purchasing Power advanced 1 month
18, 6l Real Purchasing Power advanced 2 months
19. 65 Consumers Price Index advanced 1 month
20, 66 Consumers Price Index advanced 2 months
21, 67 Monthly Time Trend
22, 69 Consecutive Time Trend
23. 77 Index of Total Freight Car Loadings
L. 78 Short Term Consumer Debt

25, 79 Industrial Production (Index of Physical Volume)
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Table VII. Summary of fFactor Structure of General
BEconomic Conditions

Analysis I 1929-1948 (2 factors)
Factor I

Variable Factor Loading Description

No. (Rotated Matrix)

2l . 726 Consumer Price Index in Large Cities

25 o« Thl Index of Retail Food Prices

26 . 690 Wholesale Price Index for Foods

27 .658 Wholesale Price Index for All
Commodities N

30 . 697 Retail Cost of the liarket Basket

31 .886 Marketing Margin on Market Basket

38 «552 Estimated Population of the U. S.

39 L8l Department Store Sales

61 .755 Retail [ood Prices advanced 1 month

62 . 760 Retail Food Prices advanced 2 months

65 . 733 Consumer Price Index advanced 1 month

66 737 Consumer Price Index advanced 2 months

78 .641 Short Term Consumer Debt

Factor IT

28 . 690 Index of BLmployment in All Manu-
facturing Industries

29 « 543 Index of Payrolls in All Manufac-
turing Industries

58 753 Real Purchasing Power in Manufac-
turing Industries

59 . 686 Index of Employment advanced 1 month

60 . 679 Index of Employment advanced 2 months

63 747 Real ‘Purchasing Power advanced 1 month

6L .738 Real Purchasing Power advanced 2
months

69 545 Consecutive Time Trend

79 e 743 Index of Industrial Production

Indeterminate
52 Real Retail Cost of the Market Basket
67 Monthly Time Variable

77 Index of Total Freight Car Loadings
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Figure 8. Orthogonal Factor Structure of General Economic Conditions,
Analysis I, 1929-1948.
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activity decreased, marketing margins increased. This is
consistent with the observation that marketing margins are
'sticky', and that they tend to respond slowly to economic
changes. However, the high loading on Factor I shows they
were mostly influenced by the general price level factor.

The Real Retail ngp of the Market Basket, #52, was not
influenced by either Factor I or Factor II. With the effects
of the price level removed from this variable, it should not
have been affected by the general price level factor. This
signifies that real retail food prices were not influenced
by the level of industrial activity.

There was no evidence of a monthly seasonal pattern in
either of these factors, as the monthly seasonal trend
variable, #67, had insignificant factor loadings on both
Factor I and Factor II.

The Index of Freight Car Loadings was about equally
influenced by these two factors, although together they
explained only about 60% of the variations in this variable.
Since neither factor was predominant and the factor loadings
of both were small in the rotated matrix, this variable has
been classified as Indeterminate in structure.

In summary, two factors were determined in this analysis
of indices of general economic conditions. These were a
general price level factor and an industrial activity factor.
These two factors explained over 80 percent of the variations

in 18 out of the 25 variables included in this analysis.
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Analysis II 1929-1941

Two distinct factors were evident in this analysiss how-
ever, these factors were not independent. A graphic presen-
tation of the factor structure is given in Figure 9. A
summary of this structure is given in Table VIII. The latter
gives the variables where the principal component was Factor
I or Factor II, the variables which were influenced by both
I and II (hence denoted as Complex in structure) and the
variables which were influenced by neither Factor I nor
Factor II (denoted as Indeterminate in this structure).

The first factor contained indices of retail prices, and
appears to be consistent with the hypothesis that Factor 1
was an indicator of the general price level. The Index of
Retail Food Prices was influenced by this factor, as was
this same variable advanced through time. The same holds
true for the Consumer Price Index.

Factor II contained indexes of employment, payrolls,
purchasing power, short term consumer debt, and industrial
production. These are consistent with the hypothesis that
Factor II was an indicator of industrial activity. Variable
#78, Short Term Consumer Debt, was almost entirely influenced
by Factor II, even though this factor explained a somewhat
smaller proportion of the variance within this variable than
it explained in the other variables in this cluster. Depart-
ment Store Sales, #39, also seemed to be influenced solely
by Factor II, even though this factor 6n1y explained a small
part of the variation within this variable. This might be
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Table VIII. Summary of Factor Structure of General
Economic Conditions

Analysis II 1929-194)1 (2 factors)

Factor I
Variable Factor Loading Description
No. (Rotated Matrix)
2 . 909 Consumer Price Index in Large Cities
25 . 895 Index of Retail Food Prices
26 .768 Wholesale Price Index for Foods
30 .896 Retail Cost of the Market Basket
31 .961 Marketing Margin on Market Basket
61 .916 Retail Food Prices advanced 1 month
62 «927 Retail Food Prices advanced 2 months
65 .912 Consumers Price Index advanced 1l
month .
66 .917 Consumers Price Index advanced 2
months
Factor II
28 + 927 Index of Employment in All Manu-
facturing Industries
29 .873 Index of Payrolls in All Manufac-
turing Industries
58 .96l Real Purchasing Power in Manufac-
turing Industries
39 492 Department Store Sales
59 «915 Index of Employment advanced 1 month
60 .895 Index of Employment advanced 2 months
63 <955 Real Purchasing Power advanced 1
month
64 .938 Real Purchasing Power advanced 2
months
78 797 Short Term Consumer Debt
79 .931 Index of Industrial Production
Complex
27 (I) .628 (II).u64k Wholesale Price Index for all
Commodities
38 (I)-.706 (II).762 Estimated U. S. Population
69 (I)-.690 (II).816 Consecutive Time Variable
77 (I) .624 (II).41l5 Index of Total Freight Car Loadings
Indeterminate
52 Real Retail Cost of the Market Basket

67 Monthly Time Trend




]

Figure 9. Orthogonal Factor Structure of General Economic Conditions,
Analysis II, 1929-1951.
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due in part to more violent cyclical fluctuations in Depart-
ment Store Sales than those in the other variables, and also
to more violent seasonal fluctuations in this variable.

The Index of Wholesale Food Prices, #26, appeared to be
influenced primarily by Factor I, the general price level
factor, with Factor II, the general industrial activity
factor, having only a slizht influence on it. The Wholesale
Price Index for All Commodities, however, showed a decrease
in the influence of the general price level factor and an
increase in the influence of the industrial activity factor.
Freight Car Loadings, #77, were affected by the two factors
about the same as the Wholesale Price Index for All Commod-
ities, #27. The effect of the general price level factor
was slightly more important than the industrial activity
factor in both #27 and #77.

The Marketing Margin on the Market Basket, #31l, showed
a strong influence by Factor I, the general price level
factor, and a negative influence of Factor II, the industrial
activity factor. This same result was obtained in Analysis I.

The similarity between the Estimated U. S. Population,
#38, and the straight line time trend, #69, signifies that
the population estimates increased linearly over this period.
A comparison between this linear trend, #69, and the remain-
ing variables shows that there was a positive relationship
with Factor II and a negative relationship with Factor I.
This signifies that, although there was a linear change

evident in the industrial activity factor, the trend in the ..
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general price level was essentially non - linear.

The Real Retail Cost of the Market Basket, #52, and
the monthly seasonal trend, #67, were not affected by either
of these two factors, and hence ﬁere considered Indeterminate
in this structure.

In summary, two factors were determined in this analysis,
a general price level factor and an industrial activity fac-
tor. These two explained over 80 percent of the variations

in 21 out of the 25 variables included in this analysis.

Comparison of the Two Analyses

The two analyses discussed above produced two factors
involving approximately the same variables. The factor
structures (Figures 8 and 9) showed many similarities and a
few sharp differences.

A closer relationship existed betﬁeen a general price
level factor and an iﬁdustrial activity factor during the
period 1929-1948 than during the shorter period 1929-1941.
The two factors were relatively more independent of each
other during the shorter period of time. This was probably
due to the differences in cyclical variations which occurred
during these periods. The cyclical effects of the depression
during the period 1929-1941 affected both industrial activity
and the general price level, but these factors were not
affected simultaneously and did not react to these cyclical
variations in exactly the same manner. Thus the relationship

between the two factors was not very large. These same
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cyclical variations were included in the period 1929-1948,
put the variations occurring during 1941 to 1948 were also
added. During this period conditions resulting from World
war Ii caused increases in both industrial activity and
the general price level simultaneously. The close relation-
ship between these two during the period 1942-1948 helps to
explain why the over-all relationship between the two fac-
tors increased from that existing during the period from
1929-1941 to that existiny over the entire period 1929-1948.

Approximately the same variaples determined the two
factors in these two analyses. Variables # 24, 25, 30, 61,
62, 65, and 66 determined Factor I in both cases. In Analysis
I the Wholesale Food Price Index, 26, and the Wholesale |
Price Index for All Commodities, 27, also fit into the point
cluster of Factor I. However, in Analysis II these two
variables showed signs of being influenced by both factors,
rather than by one factor alone. Variable #26 appeared to
be primarily influenced by Factor I and secondarily by
Factor II, while this situation was exactly reversed for
#27. Wholesale prices followed the same pattern as retail
prices in Analysis I and showed no influence of industrial
activity; during the shorter period existing in Analysis II
industrial activity appeared to have some affect upon whole-
sale prices.

The Marketing Margin on the lMarket Basket, #31, retained

its same position in relation to the other variables in both

I 5
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analyses. Variables #52, the Real Retail Cost of the Market
Basket, and #67 the monthly time trend, shifted their posi-

tions slightly in the factor structures of the two analyses,
but still showed no effects at all of the two factors.

The Index of Payrolls in Manufacturing Industries, #29,
appeared as part of the factor cluster in Analysis II, sig-
nifying that these payrolls depended primarily upon indus-
trial activity in 1929-1941. However, #29 moved from the
cluster of points in Analysis I, signifying that although
industrial activity had a strong influence on payrolls in
manufacturing industries in this longer period, the general
price level also was of'importance. This was probably due
to the fact that during 1929-1941 there was less than full
employment and payrolls depended on the amount of industrial
activity. Once full employment was reached the general price
level became of greater importance in the level of wages and
payrolls. '

Variable 38, Estimated U. S. Civilian Population, was
located in two entirely different positions in the fwo fac-
tor structures. In Analysis I, it followed the same pattern
as the general price level. In Analysis II it followed a
pattern comparable to industrial activity and a pattern
opposite to that of the general price level. The estimated
U. S. Population did not follow either of these factors too
closely during 1929-1941, since the population was constantly

increasing during this time while cyclical fluctuations

occurred in the other data. The civilian population decreased J_‘
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somewhat from 1942-1945, due to the induction of civilians
into the armed forces, but increased again in 1946 with the
end of World War II and the demobilization of forces. The
pattern of prices shows that they fluctuated during 1929-
1934, increased during 1935-1941, remained fairly stable
during 1942-1945 (due to price controls), and rose rapidly
in 1946 when price controls were removed. Thus the pattern
of civilian population and the pattern of prices were
similar over the period 1929-1948. This might explain in
part the location of variable 38 in the factor structure of
Analysis T. ,

j Department Store Sales, #39, showed the influence of
industrial activity to be stronger than that of the general
price level during the period 1929-1941, while the influence
of the general price level appeared stronger over the longer
périod 1929-1948. This might be due to the fact that depart-
ment store sales depended on the physical volume of goods
sold and the dollar volume of sales. Thus during 1929-1941
the effect of the physical volume of goods sold was predomi-
nant, while during the entire period 1929-1948 the dollar
volume, which depends on the price level, was of greater im-
portance. However, both factors explained only a small part
of the variations in either time period. The remaining
variations might be due to a very pronounced seasonal pattern
of sales which was unique in this variable.

The variable showing straight line time trend, #69, did
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not retain the same relationship with the rest of the vari-
ables during the two time periods being discussed here.
This was primarily due to the cyclical fluctuations which
affected the economic data. This variable can be considered
immaterial to the explanation of the other variables in the
analysis of General Economic Conditions.

Freight Car Loadings, #77, retained approximately the
same relationship with the rest of the variables during
these two time periods. However, the general price level
and industrial activity accounted for more of the variation
in Freight Car Loadings during 1929-1941 than during 1929-
1948. This was probably due to extraneous factors which
occurred during the war years, such as the allocation of
freight cars to military uses.

Short Term Consumer Debt, #78, showed a complete rever-
sal between factors during the two time periods. During 1929-
1941, industrial activity had a large effect on consumer debt,
while the general price level showed almost no effect at all
upon it. This result is plausible. However, over the entire
period 1929-1948 it appears that the general price level had
the most important influence while industrial activity had a
slight negative effect on short term consumer debt. In
general, the patterns of prices and consumers debt were
simllar over this period. The slight negative effect of indus-
trial activity upon consumer debt might be due to the credit
restrictions which were in effect during the war; at least

the volume of consumer debt decreased from 1942-1945 while
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industrial production increased greatly over this same
period. This might explain the slight negative relationship
between Short Term Consumer Debt and industrial activity.

In subsequent analyses it will be desirable to include
these two factors of general economic conditions. It is
sufficient to include just one variable from the point
cluster which determines the factor as representative of
the factor if that factor is the major component of the vari-
able selected. In other words, in Analysis I any one variable
from the point cluster of #24, 25, 26, 27, 30, 61, 62, 65, 66
could be selected as representative of Factor I, while any
variable from the point cluster of #28, 58, 59, 60, 63,.6h,
79 could be selected as representative of Factor II.

The selection of these representative variables has been
made as follows: the purpose of including the factors com-
prising general econpmic conditions in other analyses is to
investigate what effects they might have in these analyses.
Since many important changes come about first in some series
and are later reflected in others it is desirable to select
variables advanced in time, to see how these general indices
affect the specific commodity indices of a month or two
later (these being the time lags included in this study).

It is also desirable to select the same representative vari-
ables for the two time periods since the factors are approx-
imately the same.

In Factor I both the Consumer Price Index for All Com-

modities and the Retail Food Price Index are found advanced
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through time in both analyses. The Consumer Price Index
tor All Commodities can be considered as more indicative

of the general price level than the Retail fcod Price Index,
and the Consumer Price Index advanced one month, #65, has
been selected as the representative of this general price
level factor.

In Factor II the Index of Real Purchasing Power is the
only variable present advanced through time. It has been
decided to select #64, Real Purchasing Power advanced two
months, as representative of the industrial activity factor,
since this variable appears to be nearest the center of the

point cluster in both analyses.

Summary

Two similar factors were derived from the variables in
the two analyses described above. These were a general
price level factor and an industrial activity factor. These
two factors explained a major part of the variations occur-
ring in the variables included in the analysis of general
economic conditions. For subsequent analyses the Consumer
Price Index for All Commodities advanced one month, #65,
will be used as representative of the general price level
factor while Real Purchasing Power advanced two months, #64,
will be used as representative of the industrial activity

factor.

#AHERRAERER
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PRICES

All of the indexes of prices included in this study
were included in this group. Among these were retail, whole-
sale, and real prices of butterfat, milk, cheese, butter,
evaporated milk, dry skim and dry whole milk, and oleomar-
garine. Also included were the milk - feed and butterfat -
feed ratios, marketing margins, and various time trends.
The purpose of this analysis was to investigate whether
there were any general patterns which prices followed, i.e.
to determine how many factors were present within the many
price series and related series included. Real Purchasing
Power advanced two months, #64, and the Consumer Price Index
advanced one month, #65, were also included as representative
of the industrial activity factor and the general price level
factor determined in the analysis on General Economic Condi-
tions, to investigate how these factors influenced prices.

A complete list of thé variables included in this group

is given in Table IX.

Analysis I 1929-1948

There were three distinct factors in this analysis. A
summary of the variables in relation to the factor structure
is given in Table X. This table shows the variables influ-
enced by more than one factor (i.e. of Complex structure)
and those showing no significant influence of any factor

(hence classified as Indeterminate in structure).




Table IX. Variables Used in Analysis of Prices

Variable
No. Description
1. 9 Butterfat, Av. price per lb. received by farmers
2. 10 Milk, Av. wholesale price per 100 1lb. received by farmers
3. 11 Butterfat - feed price ratio
b 12 Milk - feed price ratio
5. 13 Milk - av, dealers buying price per cwt. for city distribution
6. 14 Milk - av. price per cwt. paid producers delivered at condenseries
7. 15 Cheese: Av. wholesale price per lb. at Chicago
8. 16 Cheese: Wholesale price on Wisc. Cheese Exchange
9. 17 Creamery Butter: Av. wholesale price per 1lb.
10. 18 Evaporated Milk: Av. wholesale selling price per case
11. 19 Milk, fresh, delivered: Av, retail price per qt. in leading cities
12, 20 Evaporated Milk: Av. retail price per 1li4$ oz. can in leading cities
13. 21 Cheese: Av. retail price per lb. in leading cities
14. 22 Butter: Av. retail price per lb. in leading cities
15, 23 Oleo, uncolored: Av,. retail price per lb. in leading cities
16. 32 Retail cost of dairy products in market basket
17. 33 Margin on Dairy Products
18. 34 Fluid Milk Marketing Margin
19. 35 Butter Marketing Margin
20. 36 American Cheese Marketing Margin
21. 37 Evaporated Milk Marketing Margin
22. 40 Milk, dry or powdered whole: Av. wholesale selling price per 1lb,
23, L1 Dry skim milk: Av. wholesale price per 1lb.
2L, L3 Cheese - real wholesale price per lb., at Chicago (Av. wholesale price
at Chicago < Wholesale prices of Foods)
25, Ledy Cheese: real wholesale price on Wisconsin Exchange
26. L5 Butter: real wholesale price
27, 46 Evaporated milk: real wholesale price
28, 47 Real retail price of delivered milk

29, 48 Real retail price of evaporated milk
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30,
31.
32,
33.
3.
35
36.
37.
38,
39.
4O,
Ll.
k2,

Variable

No.

49
50
51
23
Sk
55
56
57

Table IX. Variables Used in Analysis of Prices
(Continued)

Description

Real retail price of cheese

Real retail price of butter

Real retail price of oleo

Real retail cost of dairy products in the Market Basket
Real wholesale price of dry whole milk
Real wholesale price of dry skim milk
Real wholesale price of butterfat

Real wholesale price of milk

Real purchasing power advanced two months
Consumer price index advanced one month
Monthly time trend

Consecutive time trend

Seasonal milk production trend
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Table X. Summary of Factor Structure of Prices
Analysis I 1929-1948 (3 factors)
Factor 1

Variable Factor Loading
No. (Rotated Matrix)

Description

9 +505 Butterfat, Av. price per lb. received by farmers
10 uTh Milk: Av. wholesale price per cwt. received by farmers
13 .688 Milk: Av. dealers buying price per cwt. for city distribution
14 673 Milk: Av. price per cwt. at condenseries
15 .679 Cheese: Av. wholesale price at Chicago
16 665 Cheese: Wholesale price on liisc. Cheese Exchange
17 675 Butter: Av. wholesale price per 1b.
18 .686 Evaporated Milk: Av. wholesale price per case
19 .670 Milk, delivered: Av. retail price in leading cities
20 694 Evaporated Milk: Av. retail price per can
21 .679 Cheese: Av. retail price per lb,
22 .638 Butter: Av. retail price per 1lb.
23 .815 Oleomargarine: Av. retail price per 1b.
32 .685 Retail Cost of Dairy Products in Market Basket
33 .670 Margin on Dairy Products
34 650 Fluid Milk Marketing Margin
40 ¢502 Milk, dry or powdered whole: Av. wholesale selling price
L6 -.502 Real wholesale price of Evaporated Milk
L7 -+537 Real Retail price of Delivered Milk
50 516 Real Retail price of Butter
51. 575 Real Retail price of Oleomargarine
65 674 Consumers Price Index advanced one month
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Table X. Summary of Factor Structure of Prices (Continued)

Analysis I 1929-1948 (3 factors)

Factor 11
Variable Factor Loading Description
No. (Rotated Matrix)
11 854 Butterfat - feed price ratio
12 796 Milk - feed price ratio
72 - 491 Seasonal Milk Production Trend
Factor III !
3
Ll 497 Dry Skim Milk: Av. wholesale price per 1lb. '
5k . 603 Real Wholesale price of dry whole milk
55 o Th5 Real Wholesale price of dry skim milk
56 «559 Real Wholesale price of butterfat
57 .619 Real Wholesale price of milk
6ly 571 Real purchasing power advanced 2 months
Complex

35 (I).936 (III)-.696 Butter Marketing Margin

36 (I).833 (III)-.473 American Cheese Marketing Margin
37 (I).707 (III)-.376 Evaporated Milk Marketing Margin
49 (I).751 (III)-.521 Real Retail Price of Cheese




Table X. Summary of Factor Structure of Prices (Continued)

Analysis I 1929-1948 (3 factors)

Indeterminate
Variable Factor Loading Description
No. (Rotated Matrix)
L3 Cheese: Real wholesale price per 1lb. at Chicago
L Cheese: Real wholesale price on Wisc, Cheese Exchange
45 f Butter: Real wholesale price
L8 Evaporated Milk: Real retail price
53 Real Retail Cost of Dairy Products in iMarket Basket
67 Monthly Seasonal Variable

69 Consecutive Time Variable
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The first factor was the general price level factor
determined in the analysis of General Economic Conditions.
This was evidenced by the presence of #65, the Consumer
Price Index advanced one month, which represented the gener-
al price level factor in this analysis. The variables in-
fluenced by this factor were mainly wholesale and retail
prices of individual products. The retail cost of dairy
products in the market basket was also influenced primarily
by this factor. The Marketing Margin on Dairy Products and
the Marketing Margin on Fluid Milk appeared to be influenced
solely by Factor I, although the other marketing margins
showed a complex structure. This signifies that the market-
ing margin on dairy products was heavily weighted by the
marketing margin on fluid milk rather than by the margins
on the other dairy products.

The Real Retail Price of Butter, #50, and the Real Re-
tail Price of Oleomargarine, #51, were the only real prices
influenced positively by this general price level factor.,
This signifies that these real prices, with the effects of
the price level removed from them, still followed a pattern
similar to the general price level. Thus it appears that
the price of butter and the price of oleo responded in a
kind of geometric fashion to changes in the general price
level over a long period of time. For example, if the general
price level were to double, the prices of butter and oleomar-
garine would increase by approximately four times. However,

the relatively small factor loadings indicate that other,
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perhaps unique, factors ﬁould also have to be considered
before the net change could be predicted.

The Real Wholesale Price of Evaporated Milk, #Aé; and
the Real Retail Price of Delivered Milk, #47, had negative
factor loadings on {factor I in the rotated matrix. These
two were the only variables which showed negative loadings
for this factor. The negative loadings indicate that the
real prices of delivered milk and of wholesale evaporated
milk decreased as the general price level increased.

Factor II was composed of three variables: the Butter-
fat - Feed Price Ratio, the IMilk - Feed Price Ratio, and the
trend of seasonal milk production. This factor was almost
independent of the other two factors.

The Butterfat - Feed Price Ratio shows the amount of
feed you can buy with one pound of butterfat; the Milk -
Feed Price Ratio shows the amount of feed you can buy with
one pound of milk. All of these are based on the current
prices prevailing for the individual products. The general
price level would affect the individual prices for these
products but, assuming that the general price level affects
them all in approximately the same manner, taking the ratio
of the two prices would cancel out this effect. Since the
quantity of milk produced over short periods of time is
relatively constant, this factor appears to be a Feed Factor,
reflecting the demand for and supplies of feed. The fact
that the seasonal milk production trend had a negative load-

ing on this factor indicates that this demand for feed was
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contra - seasonal to the milk production trend. This may be
explained by the fact that the peak in milk production occurs
during the early summer when natural feed and pasture are
readily available; the demand for feed is highest during the
winter months when seasonal milk production is low. This
inverse relationship is not exact, however, as some feed is
used constantly over the year. This is shown by the factor
structure also, since the negative loading for the seasonal
milk production variable was only ~.491. If this contra -
seasonal tendency were very pronounced, this negative load-
ing would have been much larger.

Factor III contained variable #64, Real Purchasing
Power advanced two months, which represented the industrial
activity factor determined in the analysis of General Economic
Conditions. Thus Factor III could be considered an indicator
of industrial activity. It is interesting that the real
wholesale prices of dry whole milk, dry skim milk, butterfat,
and milk (an average price for all milk sold by farmers)
were influenced principally by this one factor. The wholesale
price of dry skim milk (the others are real wholesale prices)
was also influenced by this factor, although to a lesser
extent than the others listed above.

Several variables had a complex factor structure. The
Butter Marketing Margin, the American Cheese Marketing Margin
and the Evaporated Milk Marketing Margin all had positive

factor loadings on Factor I, the general price level factor,
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and negative factor loadings on Factor III, the industrial
activity factor. This indicates the 'stickiness' of market-
ing margins, which moved in general in the same direction

as the price level but opposite in direction to industrial
activity. In other words, if the general price level were
to increase while industrial activity remained constant,
marketing margins would increase. If industrial activity
were to decrease while the general price level remained
constant, marketing margins would increase. (A situation
similar to this latter case occurred during the 1930's).

If both the general price level and industrial activity were
to change simultaneously, the net effects would depend on
both the sizes and directions of change.

The Real Retail Price of Cheese, #49, also had a complex
structure with a positive loading on Factor I and a negative
loading on factor III. Although the actual price of cheese
was influenced principally by the general price level
factor, when this price level factor was removed it appears
that the series still followed the same pattern as the general
price level and a pattern opposite to that of industrial
activity. Thus it seems that the price of cheese was affected
geometrically by changes in the general price level and in an
inverse ratio to changes in industrial activity.

Several variables were of indeterminate structure in
this analysis. The real wholesale price of cheese; both at

Chicago and on the Wisconsin Cheese Exchange, the real whole-




- 86 -

sale price of butter, the real retail price of evaporated
milk, and the real retail cost of dairy products in the
market basket all showed insignificant loadings in the rota-
ted factor matrix. Of these, the real wholesale price of
cheese was best explained as a combination of the three fac-
tors derived here, as about 70 percent of the variations in
this real wholesale price (both at Chicago and on the Wiscon-
sin Cheese Exchange) could be explained by these factors.

The other variables mentioned above had a much lower percent-
age of their variations explained by these factors. It is
significant, however, that these did not form a separate fac-
tor which would signify a similarity in their variations.
BEach must have had a unique form of variation.

There was no monthly seasonal trend or consecutive time
trend evident in the price series included in this analysis,
as these two variables both showed an indeterminate
structure.

In summary, there were three factors evident in this
analysis of prices. One was a general price level factor,
the second was a feed factor which is important to only two
variables and insignificant to the remainder, and the third
was an industrial activity factor. These three factors
accounted for over 80 percent of the variations in 25 out of

the 42 variables included in this group.
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Analysis II 1929-1941

There were five factors determined in this analysis.

A summary of the factor structure is given in Table XI.
There were no variables which showed a simple structure

for Factor IV, and only one variable showed a simple struct-
ure for ractor V. These will be discussed later in this
analysis.

Ffactor I contained the variables of wholesale and retail
prices of individual dairy products and also the consumer
price index advanced one month. This latter variable repre-‘
sented the general price level factor in this analysis. The
other variables in this factor cluster are consistent with
the hypothesis that Factor I was the general price level
factor determined in the analysis of General Economic Condi-
tions. It is interesting that the marketing margin on dairy
products and the butter marketing margin followed the same
trend as the general price level during this period. Various
real prices, such as the real wholesale and real retail
prices of butter, the real retail price of oleomargarine and
the real wholesale price of butterfat also were a part of the
factor cluster of Factor I. This indicates that the general
price level had a multiple effect on these prices. However;
the sizes of the factor loadings for these variables indicates
that other factors would have to be considered since these
variables were not influenced solely by the general price

level factor.
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factor II contained the varianles of the butterfat-
feed price ratio, the milk-feed price ravio, and the
seasonal milk production trend. rhis factor corresponded
very closely to Jactor II in Analysis I of Prices. Thus
is was possible to consider this ractor the feed factor
waich was determnined in aAnalysis 1.

ractor III contained the variables of the real whole-
sale price of cheese, the real retail cost of dairy products.
in the market basket, and the real wnolesale price of dry
skim milk. <Yhis might have been a real dairy price factor.
ractor V appears to have been a real dairy price factor
also; the factor structure indicates that there is a rela-
tively strong relationship between the ractor I[I and Factor
V.

The variable of Real Purchasin: Power advanced two
months, 464, had loadin,;s on both ractor III and ractor IV.
This indicates that the industrial activity factor (repre-
sented by this variable) had some eifrect on Factor III, the
real dairy price factor, and also on Factor IV. The factor
structure did not show the industrial activity factor as an
independent factor in this analysis, however,

Actually, the factor structure for ractors III, IV, and
V was not too well defined. Although Factor IV was a distinct
factor in this analysis which was relatively independent of
the other lactors, there was no variable which showed simple

structure for ractor IV. The close relationship between




Table XI. Summnary of rfactor otructure of Prices

Analysis II 1929-1941 (5 factors)

ractor I
Variable Factor Loading Uescription

No. (Rotated lMatrix) |

9 .783 Butterfat: Av. price per pound received by farmers

10 <791 viilk: Average wholesale price per 100 pounds received by

farmers

13 877 Milk: Average dealers buying price for city distribution
14 777 I{iilk: Average price per cwt. at condenseries

15 .707 Cheese: Av. wholesale price per 1lb. at Cnicago

16 « 733 Cheese: Wwholesale price on Wwisconsin Cheese Exchange
17 .796 Butter: Av. wholesale price per pound

18 875 gvaporated iiilk: Av, wholesale selling price per case
19 832 Milk, delivered: Av, retail price per quart in leading cities
20 .961 Evaporated ifilk: Av. retail price per 143 oz. can

21 .970 Cheese: Av, retail price per pound

22 849 Butter: Av. retail price per pound

23 «922 Oleomargarine: Av. retail price per pound
32 .905 Retail Cost of Dairy Products in the liarket Basket

33 .936 Marketing Margin on Dairy Products in the Market Basket
35 .836 Butter lMarketing Margin
40 .922 iMilk, dry or powdered whole: Av. wholesale selling price
per pound

41 538 Dry skim milk: Av. wholesale price per pound
L5 452 Real wholesale price of Creamery Butter

50 463 Real retail price of butter

51 661 Real retail price of oleomargarine

56 554 Real wholesale price of butterfat

65 933 Consumer price index advanced one month
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Table XI. JSummary of lactor otructure of Prices
(Continued)

Analysis II 1929-1941 (5 factors)

Factor I1

Variable Factor Loading Description
No. (Rotated Matrix)
11 824 Butterfat-feed price ratio
12 866 Milk-feed price ratio
72 -.490 Seasonal Iilk Production Trend
ractor III
L3 .582 Cheese: real wholesale price per lb. at Chicago
Ll 555 Cheese: real wholesale price on Wisconsin Cheese iwxchance
53 736 Real retail cost o. dairy products in the larket Basket
55 . 701 Real wholesale price of dry skim milk
ractor V
48 . 707 deal retail price of evaporated milk
Complex

3, (I) .584 (IV) .615 Fluid Milk marketing largin
36 (I) .728 (III)-.500 American Cheese iMarketing Margin
37 (I) .652 (I1I}-.506 wvaporated Milk lMarketing Margin
L6 (III).S%%) (gg) 48 Real wholesale price of evaporated milk
675
L7 (I)-.%93)(II§) 492 Real retail price of delivered milk
IV) .585
L9 (I) .645 (V) .468 Real retail price or cheese
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Table XI. Summary of ractor otructure of Prices
(Continued)

Analysis II 1929-1941 (5 factors)
Complex

Variable Factor Loading Jescription
No. (Rotated Matrix)

54  (I) .532 (V) .613 Real wholesale price of dry whole milk
57 (I) 417 (III) .432 Real wholesale price of milk
64 (III) 452 (IV) .538 Real purchasing power advanced two months
69 (I)-ihS? (IgI) .530  Consecutive Time Trend
IV) .585

Indeterminate

L5 Real wholesale price of creamery butter
67 Monthly Time Trend




ractor III and Factor V indicates that they mizht have been
one factor which was over-determined in this analysis.
Another possibility is that the unsettled conditions of the
depression years caused erratic changes in these variables
rather than uniform changes. If they had all reacted in a
similar fashion to conditions over this period a more defi-
nite structure would probably have been obtained.

Several variables showed a complex structure in this
analysis. The number and the complexity of these variables
are another indication of the indeterminate nature of the
factor structure.

In summary, there were five factors determined in this
analysis. The first two factors, the general price level
factor and the feed factor, were fairly well determined.

The other three factors were not well determined and there
was not enough information in the factor structure to identify
them satisfactorily. The complete factor structure explained
over 80 percent of the variations in 31 out of the 42 vari-

ables included in this group.

Comparison of Analyses

There were three factors determined in Analysis I and
five factors determined in Analysis II. Two factors were
the same in these two analysis; a general price level fac-
tor and a feed factor were fairly well determined in both

analyses. An industrial activity factor was determined in
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Analysis I; however, althou:ru there were indications that
this factor was a part of two of the other factors deter-
mined in Analysis II, the industrial activity factor did
not appear as a separate factor in Analysis 1I. Aside from
the ceneral price level factor and feed factor mentioned
above, Analysis I1II showed an indeterasinate structure and a
satisiactory explanation for three out or the five factors
determined in Analysis II could hot be given.

The factor structures o: Analysis 1 and Analysis II
showed that the general price level factor involved both
wholesale and retail prices; thus in general wholesale and
retail prices followed the same reneral trend., The feed fac-
tor which was determined in botn Analysis I and Analysis II
was relatively independent or the other factors in both
analyses. Thils indicated that the tee! factor had little or
no intluence o:un the prices included in this group. The
industrial activity t'actor determined in Analysis I involved
variables of real wholesale prices, showin: that these real
wholesale prices followed the sam: trend as industrial
activity and real purchasing; power dJduring the period 1929-
1948, This factor was not evident during the period 1929-
1941, probably as a result of the unsettled economic
conditions existingz during that time.

Although the factor structure of aAnalysis II was largely
indeterminate, a few general observations may be made from

the factor structure of Analysis I. During the period covered

by Analysis I, 1929-1948, marketing margins on fluid milk

followed the trend of the general price level. IMarketing




margins on dairy products in the market basket also followed
the trend of the seneral price level, siznifying that fluid
milk had the largest influence in the combined zroup of

dairy products. Other dairy products, such as putter,
cheese, and evaporated milk, showed that they followed tne
trend of the general price level but were inverse to the
trend of industrial activity. In other words, if the general
price level were to rise, the marketing margins on butter,
cheese, and evaporated milk would rise. If industrial activ-
ity were to rise, the marketing margins on these products
would fall. Botn of these reactions assume that all other
facuors remained the same. If both the general price level
and industrial activity were to change, the net effect of
these cnanges would have to be coasidered.

During this period the real retail price o:i delivered
milk and the real wholesale price of evaporated milk were
opposite to the trend of the general price level. Thus as
the gzeneral price level increased the real retail price of
delivered milk and the real wholesale price of evaporated
milk went down, while as the general price level decreased
these real prices went up. This indicated that the prices
of delivered milk and evaporated milk were not as flexible
as the general price level during 1929-1948,

Since the feed factor was relatively independent of the
other factors in the analyses discussed above, the butterfat-
feed price ratio and the milk-feed price ratio (the variables

which determined the feed factor) sihowed no relationship with




the price variables included in this group.
#oF gAY ARG
FLUID MILK AND CRsAM

All of the variables pertaining to fluid milk in this
study were included in this group. Also included were vari-
ables which were used as a part of the pricing formulas in
federal milk marketing orders, such as Department Store
Sales and prices for dry and powdered skim and whole milk.
Three time trends were included, and so was the Index of
Payrolls in Manufacturing Industries. A complete list of

the variables used in this group is =iven in Table XII.

Analysis I 1929-1948

Although there were just three distinct factors in
this analysis, the factor structure indicated that there
were actually four factors present. A summary of the factor
structure is given in Table XIII.

The variables contained in Factor I and the sizes of the
factor loadings indicate that two factors were present in
Factor I. These were the two factors or General mconomic
Conditions, the general price level factor and the industrial
activity factor. This is shown by the fact that price vari-
ables from the general price level factor cluster were con-
tained in Factor I in addition to the payroll and department
store sales variables which were a part of the industrial

activity factor cluster. The factor loadings were also
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similar to those in the General Ekconomic Conditions analysis.
Thus the first two factors in this analysis were a general
price level factor and an industrizl activity factor.

Factor III contained the variables of milk production
on farms, the seasonal milk production trend, and the monthly
disappearance of fluid milk and cream. This factor was
probably a production factor. The sizes of the factor load-
ings indicate that the seasonal milk production trend vari-
able followed the actual milk production and also that the
disappearance of fluid milk and cream followed a similar
pattern to the production pattern.

ractor IV contained the variables of the real wholesale
price of milk and the real wholesale price of dry skim milk.
This indicates that these two followed approximately the same
pattern. This factor might be called a real wholesale dry
skim milk price factor.

Two variables had a complex structure in this analysis.
The milk-feed price ratio showed a positive loading on ifactor
III, the milk production factor and a positive loading on
Factor IV, the real wholesale dry skim milk price factor. The
positive loading on Factor I1III was opposite in direction to
the other variables in this factor, indicating that the milk-
feed price ratio had an inverse relation to milk production;
the positive loading on Factor IV indicates that it had a
direct relationsnip with the real wholesale dry skim milk

price. The Average Wholesale Price of Dry Skim Milk, #41, had

-



Table XII. Variables Used in Analysis of rluid ildlk

Variable
No, Vescription
1. 1 Milk Production on Farms
2, 10 Milk: Av., wholesale price per 100 1lb. received by farmers
3. 12 Milk - feed Price Ratio
Lo 13 Milk: Av, dealer buying price for city distyibution
5e 19 Milk: Av. retail price per quart
6. 25 Retail rood Prices in Large Cities
7. 29 All Manufacturing Industries - Payroll
8., 32 Retail Cost or Dairy Products
9. 33 Margin on Dairy Products
10. 34 ¥luid iilk Marketing idargin
11, 39 Department Store Sales
12. 40 milk: Dry or powdered whole: Av. wholesale selling price per 1lb.
13, L1 Dry Skim mMilk: Av. wholesale price per lb.
14, L7 Real Retail Price of Delivered iilk
15. 55 Real Wholesale Price of Dry Skim lLilk
16. 57 Real Wholesale Price of lilk
17. 67 Monthly Time Trend
18, 69 Consecutive Time Trend
19. 72 Seasonal Milk Production Trend

20, 76 Monthly Uisappearance of Fluid lilk and Cream
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Table XIII. OSummary of IFactor structure of wluid rilk
Analysis I 1929-1948 (4 factors)

ractor I, II

Variable Factor Loading Description
No. (Rotated Matrix)
10 .828 Milk: Av. wholesale price per 100 lb. received by farmers
13 .939 Milk: Av. dealers buying price per cwt. for city distribution
19. «923 Milk: rresh delivered; av. retail price per qt. in cities
25 «925 Retail rood Prices in Large Cities
29 ¢ 725 Payrolls in ilanufacturing Inaustries
32 934 Retail Cost of Dairy Products in lMarket Basket
33 .918 Margin on Dairy Products '
34 .900 Fluid Milk Marketing kargin Ne
39 77 Department Store Sales o
40 848 Milk: dry or powdered whole; Av. wholesale sellin: price per 1b !
L7 -.750 Real Retail Price of Delivered iilk
69 595 Consecutive Time Trend

Factor III1

1 -.806 Filk, Production on rarms
72 -.831 Seasonal iilk Production Trend
76 -.780 Monthly vDisappearance of rfluid iilk and Creanm

factor IV

55 . 792 Heal Wholesale Price oi Vry okim Milk
57 <754 Real Wholesale Price o: Kilk

Complex otructure

12 (III) .437 (IV) .570  Nilk - feed Price ratio
L1 (I) .579 (IV) .606 Dry oSkim lilk: av. wholesale price per lb.

Indeterminate

67 sonthly Tiume l'rend




a positive loading on iactor I and ractor IV. The analysis
of prices indicates that the positive loadings of ractor I
was a positive effect of the general price level factor.
'‘he positive loadinz on ractor IV shows that the wholesale
price of dry skim milk was influenced by the real wholesale
price of dry skim milk and this result is consistent.

The monthly seasonal trend had an indeterminate struct-
ure in this analysis, showing very little intluence oi any
of these factors.

In summary, there were actually rour factors determined
in this analysis: a general price level factor, an industrial
activity factor, a milk production factor, and a real whole-
sale dry skim milk price factor. These factors accounted for
over 80 percent of the variations in 13 out of the 20 vari-

ables in this group.

mstimation of fluid iilk and Creain Disappearance

One variable was selected to represent eac.. of the above
factors in the regression system on the disappearance of fluid
milk and cream. The Consumer Price Index advanced one month,
#65, was used to represent the general price level factor even
though this variable was not included in this analysis, since
it was used uniformly to represent the general price level
factor wherever possible in this study. The variable of Real
Purchasing Power advanced two months, #64, was selected to
represent the industrial activity factor for the same reason.

Milk Production on Farms, ,j#1, was selected to represent the

m
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milk production factor, and the Real Wholesale Price of Milk,
#57, was used to represent the real wholesale dry skim milk
price factor. All of these variables were used as independ-
ent variables in this regression system with fluid luilk and
Cream Jisappearance, #76, as the dependent variable.

The coefficient of multiple regression betweern these
variables was r = .8642. The coefficient ol determination
was r? = .7468. This indicates that approximately 75 per-
cent of the variation in fluid milk and cream disappearance
was explained by these rour factors. Also, the coefficients
f all of these variables were significant to the analysis.

A second regression systemm was set up with fluid milk
and cream disappearance as the dependent variable and the
consumer price index advanced one month, real purchasing
power advanced two months, and the real wholesale price of
milk as independent variables. This system investigated
how mucn influence these variables had on the disappearance
of fluid milk and cream when the production factor was
eliminated. It yielded a coerficient of multiple regression
of r = .5783 and a coefficient oi determination of r? = .3345.
This signifies that these three variables, two of genéral
economic conditions and the third of the real wholesale price
of milk, explained approximately 33 percent of the variation
in the disappearance of fluid milk and cream. Thus the
addition of the production factor to this system explained an
additional 42 percent of the variation in disappearance, since

the complete system of four variables explained 75 percent of
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these variations.

A third regression system was set up using the Retail
Price for Delivered i#ilk, #19, as the representative of iac-
tor I, with Milk Production on rfarms, j#1, Real Wholesale
Price of iilk, #57, and Real Purchasing Power advanced two
months, #6L, as the other independent variables and Fluid
viilk and Cream VDisappearance, ;#76, as the dependent variable.
Hence this system was similar to the first system described
above, with the retail price of milk replacing the consumer
price index advanced one month as the representative of Fac-
tor I, the general price level factor.

The coefficient of multiple regression in the latter
system was r = .8412. The coefficient of determination was
‘r2 = .7076. These results weps very similar to the first
regression system, where the coefficient of multiple corre-
lation was r = .8642 and the coefficient of determination was
ri< = 7468. Thus it appears that these two systems provided
essentially the same results, and that the substitution of
one variable for another (where the two variables were from
the same factor cluster) made no difference in the coefficient
of multiple correlation. The substitution of the retail milk
price for the consumer price index in the regression system
made very little difference in the regression coefficient.

However, it should be noted in these systems that the
simple correlation between total milk production and fluid
milk and cream disappearance was r = .7890 and the coefficient

of determination was r? = .6225. The large degree of corre-
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spondence between these two variables might be due to the

fact that fluid milk and creauw disappearance was computed

as a residual after the milk equivalents of several manu-

factured dairy products were deducted from total milk pro-

duction. A more precise measurement or disappearance would

probably make the above regression systems more meaningful.
The regression systems discussed above will be found in

detail in Appendix B.

Analysis II 1929-1941

There were six factors derived irom this analysis. A
summary of the factor structure is zsiven in Table XIV.

Factor 1 appeared to be the general price level factor
discussed earlier in this study. <The variaoles included in
this factor were average dealers buying price for milk,
retail food price index, retail cost of dairy products in the
market basket, marketing margin on dairy products, and aver-
aze wholesale selling price for dry or powdered whole milk.
[nese variavles were all found in the general price level
factor in either the analysis ot General LEconomic Conditions
or the analysis of Prices.

factor II contained the variables of seasonal milk
production trend and the disappearance oi fluid milk and
cream. The variable showinz milk production on farms had
a complex structure with this factor and Factor IV, but from
the composition of the factor cluster, it can be assumed that

ifactor II was a milk production factor.
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factor III contained only one variable showin; simple
structure. This variable was ,29, the Index of Payrolls in
Manufacturing Industries. Since this variable was found in
the cluster denotin;; the industrial activity factor in the
analysis of General Economic Conuitions, this factor might
be asswied to be the sanme industrinl activity factor.

Factor IV contained only one variable with simple struct-
ure. T.ais was variable #19, the Avera~e Retail Price of
Delivered ..ilk. It is interestii..: that this factor was rela-
tively independent of all others in this analysis. This
factor could oe considered a retail milk price factor winich
was unaffected by the other fTactors.

Factor V contained the variables of departuent store
sales and the monthly seasonal time trend. This illustrates
that dep:rtment store sales had a pronounced seasonal trend
which was not shared by the other variuables in this analysis.
Since this seasonal trend factor had a minor relationship
with the other factors, it was considered to be immaterial
to this analysis.

factor VI contained only one variable with simple struct-
ure. ‘This was variable #55, the leal Wholesale Price of Ory
Skim [kilk. This factor mizht be termed a real wholesale dry
skim milk factor; it was relatively independent of all other
factors in this analysis witiy the exception oif ractor III,
the industrial activity factor. However, even this relation-

ship between Factor III and ractor VI was minor.




Variable

No.

13
25
32
33
L0

72
76

29

19

39
67

55

Table xIV. oSummary of factor structure of rluid milk

Factor Loading
(Rotated latrix)

o Olyly
0788
. 657

o 134
. 615

-.693
-.753

0619
- 570

. 661
629

685

Analysis II 1929-1941 (6 factors)
ractor I

pescription

tilk: Av. dealers buying price for city distribution

Retail food Prices in Large Cities

Retail Cost of uJairy Products in Markeu Basket

Margin on BDairy Products

iilk, dry or powdered whole: Av. wholesale selling price per lh

]

'...l
Factor II .E

]

Seasonal rilk Production Trend
Disappearance or rfluid wilk and Cream

ractor III

All Mfg. Industries - Payroll
ractor IV
kiilk, fresh, delivered: Av. retail price per gt. in leading
cities
ractor V

Uepartment Store Sales
Montnly Time Trend

Factor VI

Real Wholesale Price o: Dry oSkim Milk



Table XIV,

Variable Factor Loading

No. (Rotated Matrix)
1 (II)-.813 (IV).553
L1 (I) .513 (VI).687
47 (I)-.790 (III).635
69 (I)-.682 (III).680
10

12

34

57

Summary of ractor Structure ol rfluid Milk (Continued)
Analysis II 1929-1941 (6 factors)

Description

Complex

Milk, Production on Karms

Dry Skim FMilk: Av. wholesale price per lb.
Real Retail Price of Delivered liilk
Consecutive Time [rend

Indeterminate

Milk: Av. wholesale price per 100 lb. received by farumers
Milk - feed price ratio

Fluid Milk marketins Margin

Real Wholesale Price of milk

- 60T -
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Several variables had a complex structure in this analysis.
Variable #1, Milk Production on Farms, had factor loadings on
ractor II, the milk production factor, and on ractor IV, the
retail milk price factor. IFrom the directions of the factor
loadings of the other variables in these factors, it can be
seen that this milk production variable conformed directly
with the milk production factor and inversely to the retail
milk price factor. This indicates tnat the retail price of
milk fluctuated somewhat inversely to milk production during
this period.

The average price for dry skim milk had a positive fac-
tor loading on Factor I and on factor VI. This shows that
the dry skim milk wholesale price was influenced directly
by both the general price level factor and the real wholesale
dry skim milk price factor.

The complex factor structure for the Real Retail Price
of Delivered Milk, #47, indicates that this variable
fluctuated inversely to the general price level factor and
directly with the industrial activity factor. It is inter-
esting that this variable showed no influence of the retail
milk price factor, Factor IV, but instead showed the influ-
ence of these other two factors. This structure indicates
tnat as the general price level ractor increased, the real
retail price of milk decreased during this period, while as
the industrial activity factor increased, the real retail
price of milk also increased.

The Consecutive Time Trend, #69, showed negative loadings
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on Factor I and positive loadinzs on ractor III. This
relationship to the general price level factor and the
industrial activity factor is similar to that obtained for
this variable in the analysis of General &#conomic Conditions.

Several variables had an indeterminate structure in
this analysis. The Average wholesale Price of Milk, 10,
showed an indeterminate structure in the rotated matrix even
though it had quite a hizh factor loading on rfactor I in the
orizinal orthogonal matrix. Thus it appears that there was
some effect of the general price level on this wvariable
even thou:zh other factors were also to be considered in the
explanation of the variations which occurred.

The lMilk-t'eed Price Ratio showed an indeterminate
structure in this analysis, having minor factor locadin.;s on
flactors I, II and I1II. This is consistent with the I'iadings
in previous analyses that this variable, representing the
feed factor discussed earlier, was relatively independent
of other factors.

The fluid milk marketing margin and the real wholesale
price of milk both had inconclusive structures, although
both chowed positive loadings on ractor III, the industrial
activity factor. This indicates a direct relationship exist-
ed between the industrial activity factor and these vari-
ables, as the relative changes which occurred in them were
in the same direction. However, the orthogonal matrix shows
that ractor I, tne general price level factor, and Factor II,

the milk production factor also influenced these variables

_



somewhat, even though none oif these factors have truly
signifiicant factor loadings in the rotaced matrix.

In summary, there were six factors determined in this
analysis. These were a general price level factor, a milk
production factor, an industrial activity factor, a retail
milk price factor, a monthly seasonal trend factor, and a
real wholesale dry skim milk price factor. Together these
factors accounted for over 80 percent of the variations in
16 out of the 20 variaples included in tnis analysis. How-
ever, the last three factors appear to be overdetermined

in this analysis and cannot be considered too reliable.

mstimation of Disavpearance of Fluid liilk and Cream

One variable was selected to represent eacn of the fac-
tors described above in the regression system for the
estimation of the disappearance or fluid milk and crean.
There were tvio exceptions made to tnis. The monthly time
trend factor was elimin=ted, since it was felt that this
applied solely to the bepartment Store Jales variable and
was extraneous to the rest ot the analysis. The real whole-
sale dry skim milk factor was also eliminated, since it
applied primarily to dry skim milk prices and was extraneous
to the rest of the analysis.

Variable #65, the Consumer Price Index advanced one
month, was selected to represent the general price level fac-

tor. fven thouzgh this variablce was not included in the
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factor analysis described above, it was used in the regression
system since it was considered a good indicator of the general
price level factor in the analysis of General iKconomic Condi-
tions. Variable 564, Real Purchasing Power advanced two
months, was selected to represent tne industrial activity
factor even though this variable was not included in this anal-
ysis. This selection was on the basis of the representative
nature of variable ;604 in the analysis of General Economic
Conditions, also. Variable #1, Milk Production on i'arms, was
selected to represent the milk production ractor, and the
Average Retall Price of Delivered iiilk, #19, was used to rep-
resent the retail milk priée factor. The disappearance of
fluid milk and cream was the dependent variable in the regres-
sion system; the variables listed above were the independent
variables.

The coefficient of multiple correlation in this systen
was r = .8768, while the coefficient ot determination was
r? = .7688. Thus these variables explained approximately
77 percent of the variations which occurred in fluid milk
and creann disappearance during the period 1929-1941. The
coefficient of real purchasing power advanced two months
proved to be not signitficant in the regression system, but
the coefif'icients of the other three variables, consumer pur-
chasing power advanced one month, retail milk prices, and

milk production, were all highly significant in this system.

A second regression system was set up using only the
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consumer price index advanced one month and retail milk
prices as independent variables and fluid milk and cream
disappearance as the dependent variable. This system
eliminated the variable which was not siznificant in the
above system; it also eliminated the production variable in
order to see how much effect this production variable had on
the system.

In this second regression system, the coefficient of
multiple correlation was r = .3749, and the coefficient of
determination was rf = .1405. This shows that the consumer
price index advanced one month and the price of milk only
explained 14 percent of the variations in fluid milk and
cream disappearance. Since the previous regression system
explained 77 percent of these variations, approximately 63
percent of the variations in fluid milk and cream disappear-
ance were accounted for by fluid milk production during this

period.
Comparison of Analyses

There were four factors determined in the analysis
wiich covered 1929-1948 and six factors determined in the
analysis which covered 1929-1941. The four factors of
Analysis I had counterparts in Analysis II, while the two
remaining factors of Analysis II fitted into the factor
structure of Analysis I without appearing as separate factors.

Factors I and II, the general price level factor and the
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industrial activity factor, in Analysis I had counterparts

in Factor I and ifactor III of Analysis II. However, more
variables showed the influence of these factors in Analysis

I than in Analysis II. There was a milk production factor
in each analysis which contained the varisbles ot seasonal
milk production trend and fluid milk and cream disappearance.
The milk production variable also appeared in this factor
cluster in Analysis I although it showed a complex structure
in Analysis II.

The real wholesale dry skim milk price factor appeared
in both Analysis I and Analysis II. The variable of real
wholesale milk prices had an indeterminate structure in the
period 1929-19L41, but it appeared to be largely influenced
by this factor during the period 1929-1948.

A retail milk price factor appeared in Analysis II
although it did not appear in Analysis I. In Analysis I
the retail milk price variaible appeared as part of the
general price level ractor. From the orthogonal and rotated
structures of Analysis II, it can be seen that the general
price level factor also influenced the retail milk price
variable in Analysis II even though other factors were
operative, also. Actually, this retail milk price factor
probably was not too siinificant in the analysis, since
indications are that it was overdetermined in the factor
analysis structure.

A seasonal trend factor appeared in Analysis II which

involved the Department Store Sales variable. Since this
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factor did not affect any of the variables involving fluid
milk and cream, it was considered extraneous in this analysis.

The factor structures for the two analyses discussed
above were guite similar. A general price level factor, an
industrial activity factor, a milk production factor, and a
real wholesale dry skim milk price factor were determined in
both analyses. The retail milk price iactor in Analysis II
was perhaps overdetermined; hence, it probably should not
have appeared as a separate factor. The monthly seasonal
trend factor determined in Analysis II was considered extra-
neous to this analysis.

Regression systems were set up using the results of
these analyses. In each the coefficient of multiple corre-
lation was approximately r = .87, although different inde-
pendent variables were used in these systems. To investizate
how well these systems would fit present-day conditions, they
were extrapolated to 1949 and 1950 and the estimated disap-
pearance of fluid milk and cream for the two years was con-
puted using first the equation derived from Analysis I, 1929-
1948, and then the equation derived from Analysis II, 1929-
1941. These estimates or the disappearance fizures, plus the
actual disappearance rigures,appear in Table XV.

It can be seen that, although the estimates from Analysis
IT are mucn lower than the actual disappearance, the estimates
from Analysis I approximate the disappearance figures quite
closely. This indicates that a shift in demand mizht have

taken place from 1941 to 1948 so that the estimates derived
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Table AV. Actual and wmstimated visaprearance ol »luid
Milk in 1949 and 1950

(t7illion Pounds)

I II
Actual Lstimated Kstimated
Disappearance Disappearance Disappearance
1949
January 5,176 5,175 L,080
February 4,899 L, 900 L, 040
March 5,270 5,375 L, 4,20
April 5,394 5,300 L, 760
May 5,752 5,875 5,260
June 6,030 5,875 5,280
Auzust 5,292 5,075 L, 900
September 5,009 5,150 L,520
October 5,200 5,200 L, L20
November 5,105 L,950 4,160
December 5,131 5,200 4, 300
Total Ol , 224 61,550 55,300
1950
January 5,380 5,200 L, 440
february 5,075 5,150 4,300
l.arch 5,417 5,400 4, 640
April 5,593 5,600 4,980
May 5,780 5,800 5,240
June 6,056 6,050 5,580
July ©,073 5,775 5,220
August 5,507 5,500 4,840
September 5,218 5,300 4,580
October 5,351 5,325 L, L60
November 5,316 5,050 4,120
December 5,449 5, 400 L,24L0
Total 66,214 65,550 56,740
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from the period 1929-1941 would no longer fit 1949 or 1950,
whereas the estimates derived from the entire period 1929~
1948 could closely approximate 1949 and 1950.

The factor structure for Analysis I indicated that the
real wholesale prices of milk and dry skim milk were rela-
tively independent of the other prices in the group, while
wholesale milk prices, dealers milk prices for city distri-
bution, retail milk prices and dry or powdered vhole milk
prices all followed tne trend oI the zeneral price level
factor. Approximately the same results were obtained in
Analysis 11, although in the latter case the factor structure
was not as well defined as in Analysis 1I.

The real retail price of milk was opposite in direction
to the general price level factor, indicatinz that as the
general price level increased the real retail price of milk
decreased. This also indicated that the retail price of milk
was not as flexible as the general price level and did not
fluctuate as readily as the general price level.

Although the regression systems based on the factor
analyses yielded correlation coef:'icients of approximately
.87 in each system the simple correlation between fluid
milk and cream disappearance and total milk production was
over .75, signifying that the production variable accounted
for over 60 percent of the variations in the disappearance
while all of the other variuables accounted for approximately
10 percent of the variations in the disappearance of fluid

milk and cream. There is also a question as to whether the
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production variable should be included at all, since disap-
pearance (as a measure of demand) should theoretically be
explainable in terms ol prices or general conditions, but
not in terms of the supply. wmven thousgh supply, in this
case, refers to total milk production, and disappearance
refers to that portion which is used for fluid milk and
cream, there is still the guestion whether this supply vari-
able ought to have been included at all. As was shown above,
excluding the supply variable from the regression systems
greatly reduced the strengths of the correlations.

The close correspondence wiich occurred between produc-
tion and disappearance might be explained in another way,
however. The disappearance of fluid milk and cream was cal-
culated as a residual, deducting the milk equivalent of
several manufactured dairy products from total milk produc-
tion. A more accurate method o1 calculating these disap-
pearance figures might help to improve these regression

systems.

A e R
BUTTER

All of the variables includedvin this study which
pertained to butter were included in this group. Among
these were butter production, outter disappearance, oleo-
margarine production, the butterfat-feed price ratio, butter
and oleo prices, the index of retail food prices, marketing
margins on dairy products, department store sales and time

trend variables. A complete list of the variables in this
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group is zgiven in Table XVI.

Analysis I 1929-1948

There were four distinct factors in this analysis. A
summary of the factor structure is given in Table XVII.

Factor I contained variables of wholesale and retail
prices of butter, the retail food price index, and the re-
tail cost of the market basket. These indicate that rac-
tor I was the general price level factor discussed previous-
ly. The presence of Payrolls in Manufacturing Industries,
729, and Department Store Sales, #39, in this factor indi-
cates that an industrial activity factor misht also be
present here; however, this industrial activity factor did
not appear as an independent factor.

It appears that Oleo Production was directly influenced
by the general price level factor wnhile Butter Disappearance,
#73, was inversely influenced by this general price level
factor. This latter variable was the only one which showed
a negative factor loading on Factor I, indicating that as
the price level decreased butter disappearance increased,
while as the price level increased butter disappearance
decreased. (These changes would be in relative, rather than
absolute, terms.)

Factor II contained the variables of butter production,
the monthly time trend and the seasonal trend of milk produc-

w

tion. This was probably a butter production factor. The
factor loadings showed that butter production followed the
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Variable

No.

2
8
9
11
i

17
22
23
25
29
32
33
35
39
50
51
56
67
69
72
73

Table 4VI. Variables Used in Analysis of Butter

Description

Creamery Butter Production

Oleomargarine Production

Butterfat - Av, Price per lb. received by Farmers

Butterfat - feed price ratio

Milk - Av. price per cwt. paid producers for 3.5 milk at
condenseries

Butter - Av. wholesale price per 1lb.

Butter - av, retail price per 1lb.

Oleomargarine - Av, retail price per 1b.

Retail rood Prices in Large Cities

All Manufacturing Industries - Payrolls

Retail Cost of Dairy Products

Margin on Dairy Products

Butter iarketing Margin

Department Store Sales

Real Retail Price of Butter

Real Retail Price of Oleomargarine

Real Wholesale Price of Butterrat

Monthly Time frend

Consecutive Time Trend

Seasonal lMilk Production Trend

Monthly Disappearance of Butter

= LTIT -



Table XVII. Summary of Factor otructure of Butter

Analysis I 1929-1948 (i factors)

Factor 1
Variable Factor Loading Description
No. (Rotated Matrix)
8 611 Oleomarzarine: Production
9 669 Butterfat: Av, price per lb. received by farmers
14 079 Filk: Av. price per cwt. at condenseries
17 .679 Butter: Av. wholesale price per 1lb.
22 .638 Butter: Av. retail price per 1lb.
25 .675 Retail food Prices in Large Cities
29 866 Payrolls in Manufacturing Industries
32 . 683 Retail Cost of Dairy Products in Market Basket
33 .659 Marketing lkargin on Dairy FProducts
39 611 Department Store Sales
73 -.607 Butter: Uisappearance
Factor II
2 -.711 Butter: Production
67 673 Monthly Time Trend
72 -.756 Seasonal kilk Production Trend
Factor II1
35 -.605 Butter Marketing lMargin
51 -.552 Real Retail Price of Oleomargarine

Factor IV

11 551 Butterfat - ifeed Price Ratio

- 8TT -



Table XVII.
Analysis I 1929-1948 (4 factors)

Description

Variable Factor Loading
No. (Rotated Matrix)

Complex

Real Wholesale Price of Butterfat

56 (I).557 (IV).523
69 (I).895 (III).578 Consecutive Time Trend
Indeterminate
23 Oleomargarine: Av. retail price per 1b.
Real Retail Price of Butter

50

Summary of Factor Structure of Butter (Continued)

- 61T -
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seasonal trend of milk production and was inverse to the
monthly time trend.

factor III contained the variables of the butter mar-
keting margin and the real retail price of oleo. From the
factor loadings in the rotated matrix this misht have been
a real retail oleo price factor; however, tnis was difficult
to determine from the limited information availabvle.

The Butterfat-iteed Price Hatio variable, #11, was the
only variable with simple structure in ractor IV. Factor
IV mizht thus have been the feed factor discussed earlier,
as this was the only factor containing variuonle #11 in this
study.

Two factors showed complex structure in this analysis.
The Real Wwholesale Price of Butterfat, ;#56, had positive
loadings in factor I and ractor IV. Tnis indicates that
the real wholesale price of butterfat was directly influ-
enced by the general price level factor and also by the feed
factor. The consecutive time trend variable also had a
complex structure. The factor loadings indicated a direct
relationship with the general price level factor and an
inverse relationship witn the real retail oleo price factor.
This latter relationship indicates that the real retail oleo
price decreased over time.

Two variables showed an indeterminate structure in this
analysis. ‘The Average Retail Price of 0Oleo, #23, had an
indeterminate structure in the rotated matrix; inspection

of the orthogonal matrix, however, shows that this variable
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was influenced by Factor I, the general price level, and
factor III, the real retail oleo price factor. The Real
netail Price ot Butter, 50, showed some influence or the
general price level factor and the reed factor, bhut these
were minor tfactor loadin;s; hence this variavle was classed
as indeterminate in structure.

In summary, there were rfour factors determined in this
study. These were a price level factor, a butter production
factor, a real retail olzo price ractor, and a feed factor.
There was also some i1ndication of an industrial activity
factor. These factors accounted ior over 80 percent of the
variations in 11 out otf the 21 factors included in this
group. Uther, perhaps unique, factors would have to Dbe
considered in order to explain the variationsin the other

ten variables.

sstimation of Butter UDisappearance

One variable was selected to represent eac:: of the
above factors in a regression system for the estimation
of butter disappearance. Jariable 65, the Consumer Price
Index advanced one month, was chosen to represent the general
price level factor; Butter Production, #2, represented the
butter production factor; the Real Retail Price of Oleo, #51,
represented the retail oleo price factor; the Butterfat-reed
Price Ratio, #l1ll, represented the rfeed factor. These were
all independent variables in the regression system. Butter

Disappearance, ,#73, was the dependent variable in this system.
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The coefficient of multiple regression obtained from this
systeum was r = ,7727; the coefficient of determination was
r< = .5970.

There was some question as to wnether there was an
industrial activity factor included in this group. A second
regression system was set up including all of the variables
of the first system and adding Real Purcnasing Power advanced
two months, #6L4, representing the industrial activity factor.
This system yielded a coefficient of multiple correlation of
r = .8326, with a coefficient ot determination of ri = .6933,
Thus the addition of the industrial activity factor explained
an additional 10 percent of the variation in butter disap -
pearance. In this second regression system the real retail
price of oleo and the buttertfat-feed price ratio proved to
be not significant to the relationship; the consumer price
index, real purchasing power, and butter production variables
proved to be highly significant in the system.

A third regression system was set up using the variables
found to be significant in the above system but eliminating
the butter production variable. This system thus included
butter disappearance as the dependent variable with the
consumer price index advanced one montih and real purchasing
power advanced two months as the independent variables.

I'his system yielded a coeftficient of multiple regression of
r = .7854 with a coefficient of determination of r2 = .6168.
Thus the factors of general economic conditions explained

61 percent of the variations in butter disappearance while




- 123 -~

butter production explained another 8 pcrcent of these vari-
ations.

In order to investizate the influence of the retail
price of butter in these regression systems, tnis variable
was substituted for the Consumer Price Index ad&anced one
month while all of the other variables of the second regres-
sion system discussed above were retained. This yielded a
coefficient of multiple correlation of r = .8306, while the
previous correlation was r = .8326. Thus the saue results
were obtained whether the consumer price index or the retail

price oif butter was used in the regression system.

Analysis II 1929-1941

There were four factors determined in this analysis. A
sunmmary of the factor structure is iven in Table XVIII.

factor I appeared to be the general price level factor
described previously, since it contained variables of whole-
sale and retail prices. The fact that variable 29, Pay-
rolls in Manufacturing Industries, appeared in tnis factor
also is evidence that an industrial activity factor might
also have been present; nowever, this industrial activity
factor did not appear as a separate factor.

f'actor II contained the variables of butter production
and the seasonal trend of milk productibn. It mizht be
considered a butter production factor.

Factor III contained the variables of retail oleo prices,

real retail oleo prices, the butter marketing margin, and the

N
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consecutive time trend. The factor loadings indicate that
this mi ht have been a real retail olc:o price factor. ‘'he
nesative factor loading for the coansecutive tinie variable
indicated that the relative sizes of the other variubles
in this factor decreased over time.

factor IV contained the variables o department store
sales and .ionthly seasonal trend., This was probably &
nionthly seasonal trend factor; this same factor a,peared
in the analysis of Fluid .ilk and Cream.

The Butter Disappearance varisble, 73, showed a com-
plex structure witii factor loadings on factor II, the butter
production factor, and factor IV, the rmonthly seasonal
trend factor. The intvluence of the hutter production factor
is understandable; however, the etfi'ect of the monthly season-
al trend factor is more difficultc to explain. Frerhaps the
loadings on .factor IV reflects a similar pattern to Jepart-
ment oStore Sales. In this case the factor actually operating
mi -ht have been the industrial activity factor, since the
analysis of General wmconomic Conditions showed that Jepart-
ment store Sales were influenced by the industrial activity
factor durinzy this period.

The 3Butterfat-reed Price ratio, 411, had an indetermin-
ate structure in this analysis. Frevious analyses have
snown that this variaole was part oi a feed factor which was
relatively independent of the other ilactors. The indetermin-

ate structure of this variable in this analysis showed that

the feed factor was of minor significance.




Table aVIII. oumnary of ractor structure of Butter

Analysis II 1929-1941 (4 factors)

Factor I
Variable Factor Loading Description
No. (Rotated Matrix)
8 .626 Oleo: Production
9 . 707 Butterfat: av. price per 1b.
14 . 687 lilk: Av. price per cwt. at condenseries
17 704 Butter: Av. wholesale price per 1b.
22 . 697 Butter: Av., retail price per lb.
29 .829 Payrolls in lanufacturing Industries
32 .669 Retail Cost o Dairy Products in inarket Basket
50 . 740 Real Retail Price of Butter
56 . 784 Real Wholesale Price of Butterrat
factor II1
2 752 Butter: Production
72 « 740 Seasonal lkilk Production Trend
Factor IIl
23 542 Oleo: Av. retail price per 1lb.
35 . 663 Butter ilarketing lMargin
51 51k Heal Retail Price ot Oleo.
69 - Th5 Consecutive Time [rend
Factor IV
39 -.651 Department Store Sales
67 -.630 llonthly Cime irend

- 621 -



Table XVIII. oSummary of ractor structure of Butter

Description

Variable factor Loading
No. (Rotated Matrix)

Complex

73 (I1).506 (IV)-.543 Butter Disappearance

Indeterminate
11 Buttertfat - feed price ratio
25 Retail Food Prices in Large Cities
Marketing Margin on Dairy Products

33

(Continued)

= 92T -
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Retail Food Prices in Large Cities, #25, showed an
indeterminate structure in the rotated matrix, but inspec-
tion of the orthogonal matrix snows that the general price
level had a large influence on this variable which the
rotation process covered up. The Marketing Margin on Dairy
Products, #33, also showed an indeterminate structure. Both
of these variables showed factor loadings on fFactor I, the
general price level factor, and Factor ITII, the real oleo
price factor, but these loadings were not high enough to
determine what factors had predominately influenced these
variables in this analysis. Since a real oleo price factor
should not have influenced these variables to any extent,
this might indicate that the real retail oleo price factor
actually represents some other factor. It was,however,
impossible to determine this olher factor from the information
at hand.

In summary, there were four distinct factors in this
analysis. These were a general price level factor, a
butter production factor, a real retail oleo price factor,
and a monthly seasonal trend factor. There was also some
indication that an industrial activity factor might be
present, although this was not a distinct factor. The fac-
tor structure also indicated that the real retail oleo price
factor was actually an indicator of some other factor, but
this other factor could not be determined from the information
available.

The four distinct factors determined in this analysis
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explained over 80 percent of the variations in 11 out of

the 21 variables included in this group.

Estimation of Butter bLisappearance

One variable was selected from each of the above fac-
tors for a regression system estimating butter disappear-
ance. The Consumer Price Index advanced one month, #65,
represented the general price level factor, Butter Produc-
tion, #2, represented the butter production factor, and the
Real Retail Price of Oleo, 51, represented the real retail
oleo price factor. The monthly time trend factor was
considered extraneous to the analysis, but the industrial
activity factor was substituted to account for the relation-
ship between butter disappearance and department store sales;
Real Purchasing Power advanced two months, ,/64, was used to
represent this industrial activity factor. These variables
were the independent variables in the regression system;
Butter Disappearance, #73, was the dependent variable in the
analysis.

The coefficient of multiple correlation in this system
was r = ,5120, with a coefficient of determination of
r? = .2621. The coefficients of the consumer price index
and real purchasing power variables were not significant
in this system; only the coefficients of butter production
and real retail oleo price proved significant in the regres-
sion equation.

In order to investigate the effect of the retail price of
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butter in this system, this variable was substituted in
place of the Consumer Price Index advanced one month. This
system yielded a coefficient of wultiple correlation of

r = .5494, whereas the earlier system had a coefficient of
multiple correlation of r = .5120. Thus this substitution
of variables made little difference in the correlation

coefficient.

Comparison of Analyses

There were four distinct factors determined in each of
the analyses discussed above. A general price level factor,
a butter production factor and a real retail oleo price fac-
tor were derived in each analysis. Also, evidences of an
industrial activity factor were iound in each analysis,
althoush this was not a distinct factor. A feed factor was
determined in Analysis I, whereas a monthly seasonal trend
factor was derived in Analysis II.

In Analysis I Butter Disappearance was a part of the
general price level factor, although it was influenced
inversely by this factor. Thus as tne general price level
increased, Butter Uisappearance decreased. In Analysis II
Butter bDisappearance had a complex structure, showing a
relationship with the butter production factor and the
monthly seasonal trend factor. This difference micht be
explained by the shiit in the demand for butter which
apparently took place in recent years.

The regression system set up from Analysis I explained
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€9 percent of the variation in butter disappearance over
the period 1929-1948. The regression system set up from
Analysis II explained only 26 percent of the variation in
outter disappearance over the period 1929-1941 although
essentially the same variables were used in both analyses.

In Analysis I the consumer price index, real purchasing
power, and butter production variubles proved signiricant
in the analysis. *The consumer price index and real purchas-
ing power explained approximately 61 percent of the varia-
tions in butter disappearance, while butter production
explained another 8 percent oif these variations.

These results directly contradict a stacement made by
S. . Vial (1l4) in 1940. He said: "Cnanges in industrial
production, employment, and payrolls have little or no
effect on the consumption of butter. Consunption is governed
by production" (14, pp. 6). Lhe results of the factor
structure and the re . ression systems in Analysis I indicate
that consumption was not governed primarily by production in
tnls period and that the factors or industrial production
and the general price level explained at least 61 percent of
the variations in outter disappearance.

In Analysis I1I, however, the consumer price index and
real purchasing power were not signi.'icant in the regression
system; the only signirficant variaoles were those of butter
production and the real retail price of oleomargarine. These
variables only explained 26 percent orf the variations in

butter disappearance.




- 131 -

Thus it appears that the statement quoted above by
Vial may have been true prior to 1940, althoush there was
not too great a correspondence between production and
consumption even at that time. uJuring the period 1929-
1248 his statement was contradicted completely.

In order to investigate how well the regression
systems would approximate present-day conditions they were
extrapolated for 1949 and the estiniated disappearance com-
puted for eacun system. The estimated butter disappearance
as estimated by regression systems I and I1 and the actual
disappearance figures are 3iven in Table AIX. It can be
seen that I estimated the disappearance fairly closely,
while II yielded estimates which were much hizgher than the
actual fizures. This i1s another indication of the downward

shirt in the demand for butter between these two periods.
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Table AIX. Actual and kEstimated Disappearance of Butter
in 1949

(Million Pounds)

I IT
Actual Estimated Bstimated
Disappearance pisappearance Jisappearance

1949
January 106 95 143
February 100 95 143
march 112 101 147
April 110 101 150
liay 121 113 157
June 101 113 157
July 99 107 154
Auzust 112 107 153
sSeptember 105 104 149
October 107 102 149
November 100 99 148
December 97 102 149

Total 1,270 1,239 1,799

1950
January 119 101 149
February 108 102 149

March 125 ~ 114 152
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CHuESE

All of the indices relating to cheese including pro-
duction, prices and monthly disappearance have been included
in this group. In addition, indices of the average price of
betterfat, the average wholesale price of milk, the butter-
fat feed and milk-feed price ratios, the buying price for
milk for city distribution, and various time trends have
also been inciuded. The two indices of General &conomic
Conditions, Real Purchasing Power advanced two months, #64,
and the Consumer Price Index advanced one month, #65, were
included to investigate how they 1it into the factor struct-
ure. A complete list of the variaoles in this group is

given in Table £X.

Analysis I 1929-1948

Lhere were five factors in this analyéis. A sumnary
of the factor structure is given in Table XXT.

flactor I was the general price level factor described
previously. <+This was determined by the presence of the
Consumers Price Index advanced one month, #65, which repre-
sented the general price level factor in this analysis. The
variables which were influenced primarily by this factor
were the average buying price for milk for city distribution,
the average price paid at condenseries, the average whole-
sale price and average retail price of cheese, the retail cost

of dairy products in the market basket and the marketing
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marzin on dairy products. These are all consistent with
the hypothesis that ractor I was the general price level
factor.

factor II was composed of two varianles, the Real wWhole-
sale Price of Butterfat, #5606, and the Real Wholesale Price of
Milk, #57. This factor was somewhat related to Factor I but
was relatively independent of the other factors in this
analysis. This factor could be considered to be an indicator
of the real wholesale price of milk.

ractor 1II consisted of cheese production, cheese disap-
pearance, and the seasonal trend of milk production. This
factor showed a slight relationsnip with Factor IV, but it
was relatively independent of the other factors. Tnis factor
was probably an indicator of cheese production. The factor
loadings indicate that the production of cheese closely followed
the seasonal pattern of milk production. The fact that cheese
disappearance was part of this same factor but with a smaller
factor loading shows that cheese disappearance was influenced
by cheese production, but that there was not an exact corre=-
spondence between the two.

Closer examination of the rotated matrix shows that the
price level factor had some slizht effect on cheese disap-
pearance but that the cheese production factor had the high-
est factor loading on cheese disappearance. This signifies
that cheese disappearance depended more upon cheese production
than on the price of cheese. This indicates that the demand

for cheese is inelastic with respect to the price of cheese.
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However, the factors determined here only explained about

©3 percent of the variations occurrin: in cheese disappear-
ance; hence other, perhaps unique, factors must be considered
before the net eflfects o! the f'actors cculd be predicted.

Factor IV consisted of the Butterfat-leed Price atio,
+11, and the Ililk-i'eed Price Ratio, ,#12. These constitute
the reed ractor described in the previous analysis on Prices.
As was stated before, this fictor was somewhat related to
tactor ITII, the Cheese Production factor. The Feed factor
was rel:tively independent of 4all other factors in this
analysis.

Factor V contained the variables of the real wholesale
vrice of cheese at Chicago and on the Wisconsin Cheese kx-
change. It is interestins that these real wholesale prices,
althouszh related to eac:: other, were independent of every
other ['actor in this analysis including the factor containing
the real wholesale prices of milk and butterfat (ractor II).
Thus this Real Wholesale Cheese Price factor was not influ-
enced by the Real Wholesale iilk Price factor.

A complex structure was obtained for three variables in
this analysis. The American Cheese iiarketin:g Margin was
associated with Factors I and II. The positive loading on
Factor I shows tnat it was influenced directly by the general
price level; the neszative loadin; on Factor II shows that it
had an inverse relationsnip with the real wholesale milk
price. The high loading on factor I appears to be a distor-

tion due to the rotation process; reference to the orthogonal
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Table 4X. Variavles Used in analysis oI Cheese

yescription

Ccheese, lotal ractory Production

Butterfat, Av. price per 1lb, received vy farmers

Milk, Av. wholesale price per 100 lb. received by farmers

Butterfat - feed price ratio

kilk - feed price ratio

Milk - Av, dealer's buying price per cwt. for city distribution

Milk - Av, price per cwt. paid producers for 3.5 milk delivered at
condenseries

Cheese - fresh, sinsle daisies, Av. wholesale price per lb. at Chicago

Cheese - Am. twins, Wholesale price on .isconsin Cheese wmxchange

Cheese, Av. retail price per 1lb. in leading cities

rRetail Cost of Dairy Products

Marketing Fargin on Dairy Products

American Cheese rarketing largin

Cheese, Real wholesale price per 1lb. at Chicago

Cheese, Heal wholesale price per lb. on lisconsin Cheese Exchange

Real retail price of cheese

Real wholesale price of butterfat

real wholesale price ol wmilk

real Purchasing Power advanced 2 wonths

Consuner Price Index advanced 1 month

IMonthly Time Trend

Consecutive Time Trend

Seasonal 1ilk Production Trend

Monthly Disappearance of Cheese
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Table aXI. Summary of Factor Structure of Cheese

Analysis I 1929-1948 (5 factors)

Factor I
Variable Factor Loading Description
No. (Rotated latrix)
13 533 Milk, Av. buying price per cwt. for city distribution
14 .525 Milk, Av. price per cwt., at condenseries
15 530 Cheese, Av. wholesale price per 1lb, at Chicago
16 51k Cheese, Av. wiholesale price on Wisconsin Cheese gxchange
21 526 Cheese, Retail price per 1lb,
32 531 Retail Cost of Dairy Products in karket Basket
33 676 Marketing Margin on Dairy Products
65 521 Consumers Price Index advanced one month
Factor II
56 494 Real wholesale price of Butterfat
57 523 Real wholesale price of Milk
Factor III
3 -.613 Cheese Production
72 -.618 Seasonal Ikilk Production Trend
Th - 494 Cheese Uisappearance
Factor IV
11 .687 Butterfat - feed price ratio

12 .619 lilk - feed price ratio

- LET -



Table a4l. Summary of rfactor ostructure ol Cheese (Continued)

Analysis I 1929-1948 (5 factors)

Variable Factor Loading Jescription
No. (Rotated Matrix)
Factor V
43 +500 Cheese, Real wholesale price at chicago
L 490 Cheese, ileal wholesale price on Wisconsin fxchanze
Complex

36 (I).819 (II)-.494 American Cheese largin

!
L9 (I).611 (II)-.612 Real retail price of cheese &
64 (II).651 (III) .483 Real purchasing power advanced two months o

!
Indeterminate

9 Butterfat, Av. price per lb. received by farumers
10 milk, Av. wholesale price per cwt., received by farmers
67 lonthly Time Trend

69 Consecutive Time Trend
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matrix shows that the influence of the general price level
in this variable was less than the influence in the vari-
ables influenced principally by this factor. The loading
on factor II, however, remains relatively the same in both
the orthogonal and rotated matrices.

The Real Retail Price of Cheese, #49, showed a complex
structure involving three factors. The loading for the
first factor was positive, indicating that the general price
level had a direct influence on the real retail cheese price.
The negative loading for Factor II indicates that the real
retail price of cheese fluctuated in an opposite manner to
that of the real wholesale price of milk. This is contra-
dictory to the expected result; it might be due to lazs in
price changes whereby chanzes in the real wholesale price of
milk and butterfat are only reflected in real retail cheese
prices after some time. This mi-zht also reflect flaws in
the basic data. It is interesting that there was also a
positive factor loading on Factor V, the real wholesale
cheese price factor. However, this loading was not very
large, indicating that the influence of this factor on the
real retail price of cheese was not very strong.

The variable indicating the industrial activity factor,
#64, had a complex structure in tnis analysis, having positive
loadings on iFactor II, the real wholesale milk price factor,
and Factor III, the cheese production factor. This complex
structure could be interpreted as indicating that no single

variable in this analysis was solely influenced by the
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industrial activity factor, but that those variables in

Factor II and Factor III were influenced to some extent

by this factor. 'he positive loading of variable #64 on

factor III was opposite to the loadings of the other vari-

ables in this factor. 'this indicates that cheese produc-

tion had an inverse relationship with industrial activity. B
Thus when industrial activity was low cheese production
increased, while when industrial activity increased, the
production of cheese decreased relative to the proportionate
changes occurring.

The average butterfat price received by farmers, /9,
and the average wholesale price for milk received by farmers,
#10, appeared Indeterminate in structure in the rotated ma-
trix. However, this may have been due to distortions occur-
ring in the rotation process. The original orthogonal
structure shows that these two variavles had a high loading
on factor I, the general price level factor, and a slight
loading on rfactor II, the real wholesale milk price factor.
Since these results are consistent with the rest of the fac-
tor structure, variables ,#9 and ,10 could be co.asidered part
of Factor I rather than Indeterminate in structure.

T'here was no consecutive time trend or monthly time
trend evident in this analysis, as both these variables were
Indeterminate in the rotated structure and in the orthogonal
structure as well.

In summary, there were five factors determined in this

analysis of Cheese. These were a general price level factor,
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a real wholesale milk price factor, a cheese production

factor, a feed factor, and a real wholesale cheese price

factor. These five

factors explained over 80 percent of

the variations in 19 out of the 24 variables included in

this analysis.

mstimation of Cheese Disappearance

One variable out of each one otf these factors was

selected if'or a multiple regression system. Cheese disap-

pearance was the dependent variable in this system; the

five variables chosen as independent variables in this sys-

tem were the Consumer Price Index advanced one month, 65,

Total Factory Production of tCheese, /3, Real Purchasing

Power advanced two months, 704, Butteriat-i'eed Price Ratio,

#11, and Real Wholesale Cheese Price at Chicazo, 43. These

variables were selected from the factor structure as repre-

sentatives of the individual factors.

The coefficient of multiple correlation was r = .7603,

This signifies that
of the variation in
still 42 percent of
left unexplained by

be eliminated since

these five variables explained 58 percent
cheese disappearance. However, there was
the variation in cheese disappearance
this system. Variables #11 and /43 may

they were not significant, and thus did

not affect the coefficient of multiple correlation.

A regression system using cheese disappearance as the

dependent variable with the consumer price index advanced

one month and real purchasing power advanced two months as
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independent variables (thus eliminatin: the cheese produc-
tion variable) yielded a multiple correlation coefficient
of r = ,5493., This signifies that these variables explained
approximately 30 percent of the variation in cheese disap-
pearance and cheese production explained approximately 30

percent of the variation also.

Analysis II 1929-1941

There were five factors present in this analysis. A
summary of the factor structure is given in Table XXII.

ffactor I was an indicator of the general price level.
I'nis was shown by the presence of the Consumer Price Index
advanced one month, #65, wuich represented this factor from
the analysis of General Zconomic Conditions. The other vari-
ables present in this factor were prices of butterfat, milk,
and cheese, the retail cost of dairy products in the market
basket, and the marketins margin on dairy products. This
general price level factor was relatively independent of all
other factors in this analysis.

Factor II consisted of the variables of cheese production
and cheese disappearance. This factor could be considered a
cheese production factor. This factor was relatively inde-
pendent of every factor but rfactor V, which was a time trend
factor.

rfactor III consisted of the variables of the butterfat-

feed price ratio and the milk-feed price ratio. This was




- 143 -

the feed factor discussed previously. It was slightly
related to factor IV, but relatively independent of all
other factors in this analysis.

factor IV involved the real wholesale price of cheese
at Chicago and on the Wisconsin Cheese Exchange and the real
wholesale price of butterfat. This factor was probably a
real wholesale cheese price factor, since the factor loadings
for the real wholesale price ot cheese were larger than the
factor loading of' the real wholesale price of butterfat. As
was mentioned before, this factor was somewhat related to
Factor III, the feed factor. It was relatively independent
of all other factors in this analysis.

Factor V consisted of the monthly seasonal time trend
and the seasonal milk production trend. It was somewhat
related to [l'actor II, the cheese production factor, but
otherwise was completely independent ot the other factors.
This time factor was probably extraneous to this analysis,
since it involved only two time variables and appeared to
be independent of the other factors.

A few variables were of complex structure in this analysis.
The average price of milk at condenseries and the average
wholesale cheese price at lhicago and on tne Wisconsin Cheese
Exchange all showed approximately the same factor loadings on
factor I, the general price level factor, and Factor IV, the
real wholesale cheese price factor. This indicates that the
average price of milk at condenseries was influenced by the

general price level and by the real wholesale price of cheese.




Taple AXII. oSummary of ractor otructure or Cheese

Variable Factor Loading

No. (Rotated Matrix)
9 .611
10 .621
13 840
21 .868
32 .863
33 .866
65 .86l
3 585
74 615
11 . 782
12 <743
L3 .623
L 642
56 .509
67 471
72 551

Analysis II 1929-1941 (5 factors)
Factor 1

Description

Butterfat, Av. price per 1b. received by farmers

liilk, Av. wholesale price per cwt. received by farmers
Milk, Av. buying price per cwt. for city distribution
Cheese, Av. retail price per 1lb.

Retail cost of Dairy Products in iarket Basket
Marketinz kargin on Jairy Products

Consumers Price Index advanced one month

factor II

Cneese Production
Cheese Disappearance

Factor III

Butterfat - feed price ratio
Iilk - feed price ratio

Factor IV
Cheese, real wholesale price at Caicago
Cheese, Real wholesale price on Wisconsin Cheese wmxchanze
Real wholesale price of Butterfat

ractor V

Monthly [ime Trend
seasonal 1iilk Production frend

- 4T -



Table XXII. Summary of ractor Structure of Cheese (Continued)

Analysis I1 1929-1941 (5 factors)

Complex
Variable Factor Loading Jescription
No. (Rotated latrix)
14 (I) .597 (IV) .402  iilk, Av. price per cwt. at condenseries
15 (I) .527 (IV) 421 Cheese, Av. wholesale price at Chicago
16 (I) .552 (IV) .402 Cheese, Av. wholesale price on wisconsin Cheese sxchange
36 (I) .885 (IV)-.631 American Cheese karketing Margin
Indeterminate
49 Real Retail Price of Cheese
57 Real wholesale Price of iilk
bl Real purchasins power advanced 2 montihs

69 Consecutive Time Trend

- 6T -
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The avera:e wholesale cheese prices at Chicago and on the
Wisconsin Cheese kxchange were also influenced principally
by the zeneral price level and the real wholesale price of
cheese. ‘'I'ne sizes of the factor loadings indicate that in
each of these cases the general price level factor was
somewhat more important than the real wholesale cheese
price factor.

'he American Cheese Marketingy kargin, ;#36, had a com-
plex structure with a positive loading on factor I and a
negative loading on ractor IV. This indicates that the
cheese marketing margin was directly influenced by the gen-
eral price level and inversely influenced by the real whole-
sale price of cheese.

Several variables were of iﬁdeterminate structure in
this analysis. The Real Retail Price oif Cheese, 49, showed
a positive loadinyg on sactor I, the zeneral price level fac-
tor, and a negative loading on ractor VvV, the seasonal milk
production trend factor. The Real Wholesale Price of Milk,
757, showed a positive loading on Factor IV, the real whole-
sale cheese price factor. However, in both of these cases
these factor loadings were minor.

Variable #64, Real Purchasing Power advanced two months,
showed positive factor loadings on Factors I, II, and IV,
although none of these loadings was large enough to be
signiricant. This indicates that none of these factors was

affected primarily by an industrial activity factor, since

‘
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variable #64 represented this factor from the analysis of
General Economic Conditions. The first four factors in

this analysis explained approximately 93 percent in the
variation of variable #6L4, however, signifying that the fac-
tor represented by this variable {(industrial activity) was
present to some extent in each of these factors even though
it was not dominant in any one of them.

The consecutive time trend had a negative factor load-
ing on factor I and positive factor loadings on the other
ffactors, but all of these were minor in size. Hence this
time trend could be considered indeterminate in structure.

In summary, there were tive factors determined in this
analysis. Factor I was the general price level factor; Fac-
tor II was a cheese production factor; Factor III was a
feed factor; Factor IV was a real wholesale cheese price
factor; Factor V was a seasonal milk production trend factor.

These five factors accounted for over 80 percent of the varia-

tion in 18 out of the 24 variables included in this analysis.

mstimation of Cheese Disappearance

Although five factors appeared in the above analysis,
only four were used for estimation purposes. The time fac-
tor was eliminated as it appeared to be independent of the
other factors in this analysis. Cheese disappearance was
the dependent variable in the regression system, while the
Consumer Price Index advanced one month represented Factor

I, Factory Cheese Production represented Factor II, the
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Butterfat-ifeed Price Ratio represented ractor III, and the
Real Wholesale Cheese Price at Chicago represented Factor
Iv.

The coefficient of multiple correlation using these
variables was r = .,7602. However, only the coefficient of
cheese production proved to be significant. The simple
correlation between cheese production and cheese disappear-
ance was r = .750; therefore the addition of the three other
variables added very little to the estimate of cheese disap-

pearance.

Comparison of the 'wo Analyses

Although there were five factors determined in each
analysis, many differences existed in the two factor struct-
ures described above.

ractor I, the general price level factor, had the same
general characteristics in both analyses. However, the
Average Price of Butterfat, #9, and the Average Wholesale
Price of Milk, 10, appeared to have simple structure in
Analysis II, whereas in Analysis I they were indeterminate
in structure. In the latter case, however, it appears that
these two variables belonged in the structure of factor I.
The fact that these two variables had smaller loadings than
the other variables on rFactor I in Analysis I1 also demon-
strates that some other elements shnould be considered when
analyzing variables #9 and #10.

In Analysis I, the Average Price for (ilk at Conden-
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series, ,14, the Average Wholesale Price i'or _heese at
Chicago, ,15, and tne Average Wholesale Price for Cheese
on the Wisconsin Cheese usxchange, #16, all showed simple
structure and appeared to be influenced solely by ifactor
I. However, in Analysis II these same three variables had
complex structures, bheing composed of both ("actor I, the
general price level factor, and ractor IV, the real whole-
sale cheese price factor. It is interesting that, although
there was a conparable real wholesale cheese price factor in
Analysis I, the variables mentioned above were not influ-
enced by it and depended solely upon the general price level
factor. Thus it appears that in the shorter period of time
the actual wholesale prices ot cheese and the price of milk
at condenseries depended on bothh the general price level
and the real wholesale price ol cheese, whereas in the longer
period of time the major influence on these variables became
the zeneral price level.

Variables 413, 21, 32, 33, 65 all retained approximately
the same positions in the two time periods.

ffactor II, the real wholesale milk price factor, and
Factor V, the real wholesale cheese price factor, in Analysis
I were merged as ractor IV, the real wholesale cheese price
factor, in Analysis II1. This demonstrates that, whereas real
wholesale cheese prices and the real wholesale price of
butterfat followed a similar trend in the period 1929-1941
while the real wholesale price of milk did not follow this

trend, over the longer period 1929-1948 the real wholesale
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price of cheese [ollowed one trend while the real wholesale
price of milk and the real wholesale price o1 butterfat
followed a different trend. This was probably due to the
fact that during the shorter period oi time the real whole-
sale price of cheese helped determine the real price of
butterfat, while in the longer period other products becaume
of increasing importance and the real wholesale price of
butterfat and the real wholesale price of milk reflected
these changes.

ffactor III, the cheese production factor in Analysis
V, was equivalent to ractor IV in Analysis 1II. However,
wnile the seasonal milk production trend variable was a part
of the factor cluster in Analysis I it appeared as a part
of a sepuarate factor, Factor V, in Analysis II.

fractor IV, the feed factor in Analysis I, was equivalent
to tactor IITI in Analysis II. The saue variables were in-
volved in these factors and they had approximately the same
relationship with the other factors.

As mentioned earlier, lactor V together with factor II
in Analysis I were comparable to ifactor IV in Analysis II.
Factor V in Analysis II, however, did not have a counterpart
in Analysis 1. factor V, a time trend factor, was probably
a separate factor in Analysis II due to the non-linear
aspects of the business cycles affecting the data in the
snorter period oi time; during the longer period of time
the seasonal milk production trend was found to correspond

closely to cheese production and bzcame a part of this factgy




- 151 ~

cluster,

The American Cheese Marketing Margin, #36, exhibited
a complex structure in both of these analyses. The Real
Retail Price of Cheese, 49, and iteal Purchasing Power
advanced two months, #64, both had a complex structure in
Analysis I while they were indeterminate in structure in
Analysis II. This was probably due to the fact that the
influences of the factors pecame more evident and pronounced
over the longer period of time. The Consecutive Time Trend,
769, was indeterminate in structure in both these analyses,
signifyin.; that there was no evident linear growth pattern
present in either of them.

Two regression systems were set up based on the above
analyses. In both systems the coefficient ol multinle corre-
lation was approximately r = .75 although different variables
were used in each. Also, the only variable wita a significant
coefficient in both these systems was that of cheese produc-
tion.

In order to investicate how well these systems would
estimate recent disappearance, these systems were extrapolated
to 1949. The estimated cheese disappearance for 1949 by
system I and system 1I and the actual 1949 disappearance is
ziven in Table XXIII. The estimated disappearance for 1949
based on system II was much lower than the actual disappear-
ance; tne estinated cheese disapoearance based on system I
aprroximated the actual disappearance more closely even though

it was still somewhat lower than the actual figure.
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Table AXIII. Actual and wmstimated vDisappearance of Cheese
in 1949

(Million Pounds)

I IT
Actual mstimated Estimated
Disappearance Disappearance Disappearance

1949
January 88 72.0 55.2
February 83 71.5 54.8
March 99 70.0 62 o &4
April 100 81.0 66.0
vlay 113 89.0 66.0
June 80 89.0 66.4
July 78 81.0 66.0
August 81 80.0 OO 4
September 88 775 62 .8
October 88 725 58.8
November 85 68.5 54.8
December 88 68 .5 54.8

Total 1,071 926.5 7344

1950
January 92 72.5 55.6
rebruary 92 73.5 55.6
March 104 775 63.2
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CONDuNSwD, DRY AND BEVAPORATZD MILK

Since there was not enough information available to
make a complete analysis of these individual products,
condensed, dry and evaporated milk products were analyzed
as a single group. This group included all the variables
in this study relating to these products such as produc-
tion, wholesale prices, and retail prices of condensed
milk, evaporated milk, and dry and powdered whole and skim
milk. The only disappearance .igures available for this
group were those ror evaporated milk and they were included,
In addition, other variables sucn as total milk production
on farms, real purchasing power advanced two months, the
consumers price index advanced one month, and indicators of
the various time trends were used in this analysis. A com-
plete list oif the variables included in this group is given

in Table XAIV.

Analysis I 1929-1948

There were {our distinct factors determined in this
analysis. A summary oif the factor structure is given in
Table XXV.

ractor I contained variables oif retail and wholesale
prices and the consumer price index advanced one month.
This factor was probably the general price level factor
discussed previously.

ifactor II contained the variables of the real wholesale




Table XXIV. Variables used in Analysis oi Condensed, Jry and wvaporated kilk

Variable
No. Description

1. 1 iilk, Production on r'arus

R L wvaporated ..ilk, unskiumed,case zoods production

3. 5 Condensed .iilk, skimmed, Production sweetened and unsweetened

b 6 Dry Whole Lilk Production

56 10 Milk, Av. wholesale price per 100 1lb. received by farmers

6. 14 liilk, Av. price per cwt. pzid producers for 3.5 milk delivered at

condenseries

7 18 mvaporated pilk, unsweetened, Av. wholesale sellins price per case

8. 20 Lvaporated iilk, Av. retail price per 1h4% o0z. can in leadins cities .
2. 37 Kvaporated milk marketing margin H
10, 40 iiilk, dry or powdered wiole, av., wholesale sellin: price per 1b. Ut
11. L1 Dry skim iilk, av. wholesale selling price per 1lb. ¥
12. L2 Dried or Powdered okim 1.ilk, Production !
13. L6 iteal Wholesule Price of svaporated nilk
14, L8 Teal Retail Price of dvaporated Kilk
15, 54 leal Wholesale Price of Jry Wnole Lilk
16. 55 Real Wholesale Price of ury skim Filk
17. bl Real Purchasinz Power advanced wo i:onths
18. 65 Uonsumers Price Index advance une l.onth
19. 67 Fonthly Time Trend
20, 69 Consecutive Time irend
21, 72 Seasonal iiilk Production Trend

R2. 75 Honthly Disappearance o! svaporated .ilk




Table XXV, oOSummary of Factor structure oi' vondensed, ury and svaporated iilk

Analysis I 1929-1948 (4 factors)

ractor 1
Variable Factor Loading pescription

No. (Rotated Matrix)

10 . 682 Milk, Av. wholesale price per cwt received by farmers

14 . 725 Milk, Av. price per cwt. at condenseries

18 . 783 svaporated [lilk, Av. wholesale selling price

20 .321 tvaporated wmilk, Av. retail price

40 725 lilk, Jry or Powdered whole, Av. wholesale selling price

65 826 Consumers Price Index advanced one month !

}_J

Factor II N

55 .819 Real wholesale price of uJry Skim Milk !

bk . Olly Real Purchasing power advanced 2 months

69 .585 Consecutive Time Trend

Factor III

1 . 804 Milk Production
72 .830 Seasonal (ilk Production Trend
Factor IV
L6 -.761 real wholesale price of wvaporated iiilk

48 =47 Real retail price ol gvaporated kilk




Table XXV. OSummary of ractor ostructure ol Uondensed, Jry and wvaporated lilk
(Continued)

Analysis I 1929-1948 (4 factors)

Variable Factor Loading PDescription
No. (Rotated Matrix)

Complex

L (II) .576 (III) .610 KEvaporated ixilk production

5 (I) .409 (III) .667 Condensed iiilk production

6 (I} .436 (II) .507 Dry whole milk production
37 (I) .851 (II)-.545 Evaporated milk marketing margin
Ll (I) .460 (II) .500 Dry skim milk, Av. wholesale price per lb.
42 (II) .503 (IIJ) .588 ried or powdered skim milk production

5 (1) .h%%v) (glg .44k  Real wholesale price of dry whole milk

-.52

Indeterminate

67 Monthly Time [rend
75 wvaporated ililk Disappearance

= 9¢T -
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price of dry skim milk, real purchasing power advanced two
months and the consecutive time trend. This factor appeared
to be the industrial activity ractor determined in previous
analyses.

Factor III contained the variables of milk production
and the seasonal milk production trend. YFrom the appear-
ance of the factor structure, this was probably a milk
production factor.

rfactor IV contained the variibles of the real wholesale
price of evaporated milk and the real retail price of evap-
orated milk. This was probably a real evaporated milk price
factor. It is interesting that it is virtually independent
of factor II, the industrial activity factor, waich contained
the variables of the real wholesale price of dry skim milk
and real purchasing power,

Several variables showed a complex structure in this
analysis. Ury whole milk production and dry skim milk aver-
age wholesale prices were influenced by ractor I, the general
price level factor, and r'actor II, the industrial activity
factor. The dvaporated iilk Marketing Margin, #37, showed a
direct influence by the general price level factor and an
inverse influence by the industrial activity factor. This
indicates that as industrial activity increased, this market-
ing margin decreased, while as industrial activity decreased
this margin increased. This is consistent with the behavior
of other marketing margins discussed previously.

Condensed Milk Production, #5, showed a complex struct-

ure with factor loadings on factor I, the general price level
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factor, and ractor III, the milk proauction rfactor. zvar-
orated b.ilx l'roauction, 74, and Jried or Powdered 3kim ..ilk
Proauction, 742, showed the intluence of #actor II, the
inaustrial activityv factor, and ractor III, the milk produc-
tion factor. thus, while ali taree oif these products were
influenced by a milk production factor with condensed milk
proauction followed the trend of the general price level,
evaporated milk and dry skim milk production followed the
trend o:i industrial activity.

The Real Wwholesale Price of Dry whole i1ilk was influ-
enced by three factors in this analysis. These were the
genera. price level ractor, tne industrial aectivity factor,
and the real evaporated milk factor.

Two variables showed an indeterminate structure in this
analysis. The monthly time trend was not present to any
larze extent in any ol the factors, although it was somewhat
contra-seasonal to the milk production factor. Zvaporated
Milk Disappearance, 75, had minor factor loadings on Factors
11, IIT, and IV, altaouzh none of these was large enough to
exert a significant influence.

In summary, there were four distinct factors determined
in this analysis. These were a general price level factor,
an industrial activity factor, a milk pfoauction factor, and
a real evaporated milk price factor. These factors accounted
for over 80 percent oi the variations in 14 out of the 22

variables included in this group.
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Lstimation of Evaporated liilk Disappearance

Since the only actual disappearance figures available
for this group were ior evaporated milk, a regression system
was set up usiung the results of the above analysis to esti-
mate evaporated milk disappearance. One variable was select-
ed to represent each factor determined in the analysis. The
Consunier Price Index advanced one month, #65, represented
tne general price level factor, Real Purchasing Power advanced
two months, ;04, represented the inaustrial activity factor,
iilk Production on rFarms, 7l, represented the milk production
ractor, and Real “holesale Price ol kvaporated milk, #L4L06,
represented the real evaporated milk price factor. These
variables were the independent variables in the regression
systein; iivaporated kilk Disappearance, ,75, was the dependent
variable.

The coefricient of multiple regression obtained from
this system was r = .6342 and the coefficient of determina-
tion was rf = .4L022. Thus 40 percent of the variation in
evaporated milk disappearance was explained by this system.
In this system the coefficient of the consumer price index
was not significant, out all the other coefficients were
signiiicant,

A second regression systel: was set up using the real
purchasing power variable and real wholesale price of evap-
orated milk as independent variables and evaporated milk

disappearance as the dependent variable. This system gave
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a coetficient or multiple correlation of r = .4836 with a
coefiicient of determination of r< = ,2338. Thus the total
milk production on farms accounted for approximately 17
percent of the variation in the disappearance of evaporated
milk, since the above systeuw explained 40 percent of the

variation.

Analysis II 1929-1941

There were five distinct factors determined in this
analysis. A summary of the factor structure is given in
Table AXVI.

flactor I contained indices of wholesale and retail
prices and also the consumer price index advanced one month.
These indicate tnat this factor was the general price level
factor discussed previously. It is interesting that the
wvaporated ililk marketing margin, #37, also followed the
same pattern as this price level factor.

tactor Il contained variaonle ;/64, Real Furchasing Power
advanced two months. This variable represented the indus-
trial activity factor in tnis analysis; therefore factor II
was probably this same industrial activity factor. ‘The fac-
tor loadings indicate that dry wnole milk production was
influenced principally by this factor during this period.

ractor III was probably a milk production factor,
since the factor cluster contained the variables of milk
production on farms and the seasonal milk production. &mvap-

orated milk production was influenced by this milk production




Table XAVI. oSummary of ractor Structure of Condensed, Jry and kvaporated iilk

Analysis II 1929-1941 (5 factors)

Factor I
Variable Factor Loading Description
No. (Rotated Matrix)
10 852 Milk, av. wholesale price per cwt. received by farmers
14 .887 Milk, av. price per cwt. at condenseries
18 .927 wvaporated wilk, av, wholesale selling price
20 936 wvaporatea iiilk, av. retail price
37 «569 fvaporated liilk Marketing ifargin
L0 929 milk, dry or powdered whole; av. wholesale selling price
65 .897 Consumers Price Index advanced one month
Factor 11
6 478 Dry whole nilk production
6l 512 Real purchasing power advanced two months
69 482 Consecutive Time Trend
Factor III
1 <765 Milk production on farus
L 573 Evaporated iilk production
72 . 765 Seasonal milk production trend
factor IV

55 -.510 Real wholesale price of dry skim milk

= 19T -



Table £aAVI. Summary ol ractor Structure of Condensed, Ury and wvaporated inilk
(Continued)

Analysis II 1929-1941 (5 factors)

Variable Factor Loading Description
No. (Rotated Matrix)
ractor V
L6 852 Real wholesale price of wmvaporated lilk
48 . 760 Real retail price of wsvaporated uiilk
Complex

643 (III) 654 Condensed milk production
636  (IV)-.689 Dry Skim Iiilk, av. wholesale price per 1b.
501 (V) .670 Real wholesale price of dry whole milk

Indeterminate
L2 Ury or Powdered Skinm liilk Production
67 Monthly Time Trend

75 tvaporated milk visappearance

= 29T -



factor during this period also.

Factor IV contained only one variable showing simple
structure. ‘This was variable #55, the Real Wholesale Price
of Dry Skiw pkilk. This factor was somewhat closely related
to tactor II, the industrial activity factor, in the com-
plete factor structure but was relatively independent of
the other factors. There was not enocugn information here
to identify this factor so it was called by the name of the
variable, a real wholesale dry skim milk factor. Although
there was not enough information to identify this factor
more completely tals does sisnily that the real wholesale dry
skim milk price was relatively unique in this analysis and
did not follow the saine general trend as the other variables.

factor V contained the variables of the real wholesale
price of evaporated milk and tne real retail price of evap-
orated milk. This mizht be called a real evaporated milk
price factor, althou:zh there was not enough information here
to identify this factor completely.

A few variables showed a complex structure in this
analysis. Condensed iilk Production, j#5, showed the influ-
ence of the general price level factor and the milk production
factor. ‘rhe wholesale price of dry skim milk showed the influ-
ence 01 tne general price level factor and the real wholesale
dry skim milk factor. The complex structure of the real whole-
sale price of dry whole milk involved ractor I, the general
price level factor, and lactor V, the real evaporated milk

price factor, This indicates that the real wholesale price
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followed a pattern siwmilar to the general price level even
though the price level had been removed and also a pattern
similar to that of evaporated milk prices.

Three variables suaowed an indeterminate structure in
this analysis. Dry or powdered S5kim Milk Production, j#42,
and Kvaporated liilk Disappearance, ;75, showed minor factor
loadinzs on a few of the ractors, but these loadings were
not large enoush to be significant. The monthly timne trend
variable showed insignificant loadinys on all factors,
signifyings that no monthly time trend was evident in all fac-
tors.

In summary, there were five factors determined in tnis
analysis. These were a seneral price level factor, an indus-
trial activity factor, a milk production factor, a real whole-
sale dry skim milx price rfactor, and a real evaporated milk
price factor. Tnese factors explained over #0 percent of the
variations in 15 out o tae 22 variables included in tnis
group. The real wholesale dry sxim milk price factor and the
real evaporated wllk price ractor were not completely deter-
mined in tuanis analysis, however. rurther information is

necessary to determine what these raccors actually were.

mstimation of .Lvaporated priilk Disappearance

A regression system was sel up using the results of the
above analysis to estimate evaporated milk disappearance.
Une variable was selected to represent each factor in the

analysis. The Consumer Price Index advanced one month, #65,




- 165 -~

represented tne gzeneral price level ifactor; zeal Purchasing
rower advanced two montns, #0o4, represented the industrial
activity tactor; MMilk Production on rarms, /1, represented

the milk prouauction facuor; ileal wholesale Price of uvry 3kim
«ilk, ,55, represented the real wholesule dry skim milk price
factor; ﬁeal Wholesale Price of Lvaporated .ilk, ;46, repre-
sented the real cvaporated nmilk price fac.or. These variables
waer o the independent variables in the regression system; tine
depeandent variable in thilis syste . was savaporated [Milk Jisap-
pearance, ,75.

The coefficient of multiple resression in this system was
r = .7150 and the coetficient o determination was rf = .5153.
Thus anproximately 52 perc=nt of the variation in evaporated
4ilk daisavpearance was explained nhy thils rei;ression system.

In this systen, the coefi'icients of the real wholesale w»nrice
or" dry skim milk and the real wiaolesale vprice oi evapcrated
1ilk proved to be not siznificant.

A second syster was set up usiaz; the conswier price index
and real nurchasing power varizaoles as indep:-ndent variables,
wit: evapor=ted milk disaopearance as the dependent variable.
This system yielded a coefficient of multiple correlation of
r = .5943 and a coefficient ol determination oi rf = .3532.
Thus these two 1indicavors of -eneral economnic conditions
explained 35 pe:cent of the variation in evavorated milk

disappearance.
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Comparison of Analyses

There were four factors determined in the first analysis
and tive factors determined in the second. The four factors
of the first analysis were all present in the second analysis;
one additional ractor appeared in the second analysis wiiich
apparently merged into the factor structure or the first
analysis over the lon-er period of time.

The four factors present in both analyses were a
general price level factor, an inaustri=l activiuvy factor, a
milk proauction factor, and a real evawvorated milk price rac-
tor. the real wholesalsz dry skim milk nrice factor wiich
appeared in Analysis 11 becamre a part oif the industrial activ-
ity factor in Analysis 1I.

The variables showin: simple structure had approximately
the same relationships to eacn other in both analyses. wsvap-
orated milk production, wiiicn had a complex struccure in
Analysis 1 between the industrial activity factor and the milk
production flactor, exhibited simple structure in the shnorter
period of time or Analysis II. In this latter analysis it
showed only the influence of milk production.

Ury whole milk production, wiich showed t.e influence of
both the general price level ractor and the industrial activ-
ity factor in Analysis I, was influenced only by the indus-
trial activity factor in Analysis II. This indicates that
the zeneral price level factor bvbecame ol increasing importance

over the longer period of time in the production of dry whole

milk.
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Ury or powdered skim milk production had an indeterniinate
structure in Analysis II, but it snowed a complex structure
between the industrial activity factor and the milk production
factor in the longer period covered in Analysis I.

The evaporated milk marketins; margin was influenced sole-
ly by the zeneral price level factor in Analysis II, but was
influenced also by the industrial activity factor in Analysis
L.

Condensed milk production showed the same type of complex
structure in both analyses. Both the monthly time trend and
evaporated milk disappearance had an indeterminate structure
in these analyses.

Regression system 1 explained LO percent of the variation
in evaporated milk disappearance while regression system II
explained 50 percent of this variation. wsssentially the samne
variables were used in both systems. However, while the
coefficient of the consuuer price index was highly significant
in regression system II, it was not significant in regression
system I. Exactly the reverse of this situation was true for
the coefficient o1 the real wholesale price of evaporated
milk; it was highly significant in regression system I, but it
was not significant in regression system II.

In order to investigate how well the regression systems
set up on the basis of these analyses would fit present day
conditions, they were extrapolated to 1949 and the estimated
disappearance from the two series compared witn the actual

disappearance. These figures are given in Table XXVII. The
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estimates from regression systen. II were much lower than the
actual disappearance figures; tnis inaicates that an upward
shift in demand mi-ht have taken place during 1942-1949.
The disappearance estimates from regression system I more
nearly approximated the actual disapvearance tigures; however,
the 1949 total was underestimsated by almost 10 percent even in
regression systern: I,

Table XXVII. Actual and wustimated Jisappearance of

mvaporated ilk in 1949

(Million Pounds)

I IT
Actual mstimated mstimated
Disappearance pisappearance Disaprpearance

1949
January 242 186 130
Ffebruary 222 174 126
March 224 202 124
April 218 212 126
May 220 232 142
June 237 232 129
July 204 232 126
August 234 220 117
September 190 196 105
October 202 196 105
Novenmber 214 180 111
December 222 192 102

Total 2,629 2,454 1,444

1950
January 245 192 114
rebruary 217 192 123

March 241 204 132
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PRODUCTION AWNU DISAPFsARANCE Of DAIRY PRODUCTS

All of the data concerning the production and disappear-
ance oif dairy products were included in this group. Total
milk production on farms, factory production of seven manu-
factured dairy products, and tne procuction of oleomargarine
were included alony withh the disappearance of four dairy pro-
ducts; in addition representatives of the <=eneral price level
facvor and iuacustrial activity facior were used to investi-
sate how production and disavpearance were related to these
factors. A complete list of the variables iuncluded in this

rroup 1s :ziven in Table 4aXVIII.

Analysis I 1929-1948

There were three factors determined in this analysis.
A sum-ary ot the factor structure is <iven in Table XXIX.

ractor 1 included variables of milk production, cheese
production, evaporaced milk production, and dried or powdered
skim milk production. This factor was probably a milk pro-
duction factor since these products followed tne pattern of
seasonal milk production. It is interesting that fluid milk
and cream disappearance also was a part of this factor
structure. This sisniries tnat fluid milk and cream disap-
vpearance followed the trend oif milk pro.uction during this
period.

r‘actor II contained the variables of butter production,

oleo production, and butter disappearance. 'The factor structe

ure indicated that this was probably a butter production facto




Table XXVIII. Variables Used in Analysis of Production and Disappearance of Dairy

Froducts
Variable pescription
No.,

1. 1 Milk, Production on Farms

Qs 2 Creamery Butter FProduction

3. 3 Cheese, Yotal ractory Production

L. L svaporated iiilk, unskimmed case roods production

5. 5 Condensed iilk, skimmed; Production sweetened and unsweetened

e 6 Ury Whole liilk Production

7, 7 Ice Cream factory Production '
8., 8 Oleomargarine Production -
g. L2 Dried or Powdered Okim iiilk Production S
10. bl Real Purchasinz Power advanced two months
11. 65 Consumers Price Index advanced one month :
12, 73 Monthly Disappearance oif Creamery Butter
13, Th rfonthly Disappearance of Cheese, whole ..ilk and Part skim
1h. 75 lionthly Disappearance of Evaporated lilk

15, 76 ronthly Disappearance or rluid lsilk and Cream




Table XXIX. OSuwumary of ractor structure of Froducvion and Uisappearance of Jairy
Products

Analysis I 1929-1948 (3 facuvors)

Factor 1
Variable Factor Loading Description
No. (Rotated latrix)
1 20k wilk production on farms
3 .563 Cheese production :
L .052 tvaporated milk production -
42 534 Uried or powdered skim milk production ~
76 482 fluid ixilk and cream disappearance .
[
ractor II
2 -.828 Butter Production
8 NG Oleo Production
73 -. 764 Butter Disappearance

Factor IIT1

h 504 Cheese uisappearance

75 .328 ivaporated rilk uisappearance
Complex

6 (I) 439 (II) 495 Dry Whole iilk Production

64 (I) .507 (II) .652 Real purchasing power advanced 2 months

65 (II) .538 (III) .4R5 Consumers price index advanced one month
Indeterminate

5 Condensed 1ilk production

7 Ice cream production
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The factor loading for oleo production was opposite in sign
to those of butter production and disappearance, indicating
that oleo production varied inversely with bucter prcduction
and disappearance.

Ffactor III contained the variables of cheese disappear-
ance and evaporated milk disappearance. Thnis indicates that
these two variables did not follow the trend of the other
variables in this analysis. However, this factor was rather
closely associated with ractor I, the milk production factor,
in the rotated factor structure. Thus, althouzth cheese disap-
pearance and evaporated milk disappearance were related to
the milk production factor, tnere were other elements operat-
ing to produce tne variations 1in these variables. 'This might
be called a cheese disaprearance factor, sizniryins; that this
was a separate factor in the analysis.

Three variables sinowed a complex structure in tuae rotated
matrix. Dry Whole rilk Production, 46, had factor loadings on
tactor I, the milk production factor, and ifactor II, the butter
production factor. Tanis indicates that dry whole milk produc-
tion did not follow a pattern similar to either of the indi-
vidual factor patterns, but one which was a combination of
the two.

It is significant that Heal Purchasing Power advanced
two months, /64, and the Consumer Price Index advanced one
month, 65, both had complex structures in this analysis.
Since these represented the two factors derived from general

economic conditions, it appears that the factors representing
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the production and disapopearance of dairy products did not
follow the ractors oI ;eneral economic conditions exactly

but were somewiiat int'lucenced by these factors. Real Purchas-
ing Power advanced two months, ;7/64, had factor loauinzs on
Factor I, the milk production factor, and PFactor II, tne
butter production factor. This indicates that the industrial
activity factor (represented by ,®6h4) had -ome influence on
the milk production ractor and the butter production factor,
even thou i the industrial activity factor did not follow the
patterns ol these othner factors exactly. Likewise, the Con-
suner Price Index advanced one month, ,65, had factor loadinzs
on ractor II, the putter production factor, and Factor IiI,
the cheese disappearance ifactor. ‘Tnis indicates that the
seneral price level factor (represented by #65) was influen-
tial in the butter production tactor and the cheese disap-
pearance factor out dia not explain all of the variations in
those factors.

Two variables were indeterminate in structure in tnis
analysis. Condensed milk production and ice cream production
had minor factor loadings in the rotated factor structure.
However, the orthogonal structure indicates that both these
variapbles were largely inf'luenced by the milk production fac-
tor even thoush other, pernaps unigue, tfactors were necessary
to explain the remainder of their variations.

In summary, there were three factors determined in this
analysis. 'These were a milk proauction factor, a butter pro=-

duction factor, and a cineese disappearance factor. Tosether
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these variables explained over 80 percent oi the variations
in 9 out of the 15 variables included in this group. These
factors explained the variations in the production oif dairy
products rather fully, but did not explain a large part of
the variations occurring in the other variavles included
here. This indicates that the milk production factor was
well defined in this analysis but that the other two tactors

were not as well defined in structure.

Analysis II 1929-1941

There were three factvors determined in this analysis.
A summary of tne factor structure is siven in Table XiX.

ractor 1 contained variables o1!" the production of cheese,
evaporated milk, dry whole milk, ice cream, and dried or
powdered skim milk and varisbles o: cuaeese and evaporated
milk disappearance. rfrom the factor structure this was prob-
ably a milk oroduction factor, since the pattern of milk pro-
duction played a large part in the production oi these
products. The appearance of ice cream production in this fac-
tor cluster may h:xuve been daue to a temperature ractor very
similar in pattern of variation to milk production, since the
season=l demund for Jlce Cream rollowed the same general trend
oi milk production. It 1s interesting that evaporated milk
disaprearance and cneese disavpearance iollowed tne saume
general pattern as milk production, even thou :h other lactors
where also operative in these variables.

tractor II contained only one variauble with simple struct-




Table XXix. bSummary of ractor ostruciure oi Proaucvion and Uisappearance o Jairy
Products

Analysis II 1929-1941
(3 factors)

ractor I
Variable ractor Loading Jescription
No. (Rotated iatrix)
3 9lL Cheese Production
L .895 wvaporated ilk Prouuction
6 . 729 ury whole wilk production
7 .881 Ice Cream production
L2 782 Jriea or powdered skin milk oroduction
h 052 Cheese disaprearance
75 YS! svaporated milk ualsannedrance
ractor II
65 -.784 consumers Price Index advanced one month

factor III

8 .768 Oleo Production

ol .651 neal purchasinz cower advanced 2 months
Complex

1 (I) .937 (ILI)-.506 Yotal iilk production on farms

2 (I) .910 (ILI)=-.505 Butter production

5 (I) .751 (1I)=-.701 Condensed milk production

76 (I) .618 (III)=-.742 #luid 1ilk and Crea.. disapnearance
Indeterminate

73 Butter Jisappearance

- QLT -
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ure. This was the Consumer FPrice Index advanced one month,
#65. Since this variable represented the seneral price level
ffactor in this analysis, ifactor II mav be considered this
seneral price level factor.

Factor III contained the vauria:bles of Oleocmargiarine Pro-
duction and real Furchasing Power advanced two months, ,64.
The factor structure indicoetes that the variable of oleo pro-
duction had its chier factor loading on this factor. From the
appearance or the Izctor structure this i ht be considered an
oleo production factor. The large faccor loadinz of the vari-
able of real purchasing power indicates that the inaustrial
activity tactor (represented by this variable) had a pattern
similar to that ol the oleo prouauction ractor. rfactor III is
not considered to be the industrial activitcy factor as vari-
able ok, the representative of this latter factor, had a
loading on Factor 1 whicn was at least of minor significance.
Thus, althousn Mactor III was similar t» tne industrial active
ity factor it could not one considered tue same factor.

Several variables had a complex structure in tnis analysis.
Total [ilk Production on Farms, #1, had a large positive load-
ing on Factor I, the milk production factor, and a negative
loading on ractor 111, tne oleo production factor. This
signifies that total milk production on farms and the various
dairy production variables in PFactor I were closely associ-
ated, while milk production had an inverse relationsnip with
oleo production and real purchasing power. Butter production

had similar factor loadings on these tvo variables, showing a
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positive relationship with the milk production factor and an
inverse relationship with the oleo production factor. i'luid
milk and cream disappearance also anad niza factor lo-din.:s
on these two factors; however, the size orf tinese loadin<ss
indicated that the direct relationship witn the milk produc-
tion factor was not as great as in the other vuriables nen-
tioned above, while the inverse relationship between fluid
milk and crea' disappearance and tie oleo production factor
was larger thau in the otner variables.

Condensed milk production, 5, saowed a complex struct-
ure indicatin.; a direct relationsihip with ractor I, the milk
production factor, and a direct relationsnip with ractor II,
the general price level factor.

Butter Uisappearance, 73, snowed an indeterminate
structure in this analysls, wilth winor ifactor loadings on all
three factors. The three factors only explained about 21 per-
cent or thne variations occurrin: in butter disapvearance dur-
ing this period.

In suwnmary, there were three factors determined in this
analysis. 'These were a milk production factor, a reneral
price level factor, and an ol:omargarine production factor.
In the factor structure the production factor was fairly
well determined; however, the other two factors were not
well derf'ined and indications are that, with the inclusion
of additional variables, these factors mizht have changed in
composition and importance.

The three variables determined above explained over 80
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percent of tne variations in only five out or the Jifteen
variaoles jiuacluded in this group. ‘the rive variavles whnich
were oest explained by tihis analysis were prodauction vari-
ables. This 1s another iauication that the milk production
Tactor was vwell defined while the other factors were not.
Srons tals it may ve cowucluded that the grouovins of produc-
tion and disappearance variaioles did not zive enousn infor-
mation for a clearly desfined factor analysis durin: tnis

reriode.

Comparison oif Analyses

there were three l'actors determined in eacn oi the
anaiyses descripbel above. a milk proauction factor was
“ound in eac:: analysis; nowever, the structure of tne other
two factors chansea completely i'rom one analysis to the other.

In Analysis I, factor 1II was a outter proauction Jacior.
The variapvles conmprisin tnis fuctor in Analysis I changsed in
the struccture o: ausalysis IL; 1n tne latter analysis the
oucter production variaole showea a coumplex structure, the
butter disappearance vari:ble snowed an indeteriuinate struct-
ure, aad t.le oleo production variavle was considered a vart
of an olec proauction factor wnich was associited witl: the
variable oI real purcnasing power. In Analysis I the oleo
production variable was also associzited with the variable of
real onurchasing power, but tinlis latter v.riavle showed umore
o’ a complex structure in Analysis I than it did ia Analysis

IT.
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factor III in Analysis I was a cheese aisappearance
factor. The two variables in tnis factor merged into f(ac-
tor I, the milk production factor, in Analysis II. Thus,
wnereas the variaoles o. cheese Jdisappearance and evaporated milk
disappearance appeared as a separate factor aurinz the period
1929-1948, they ifollowed the same gcneral trend as tne milk
production ractor auring the period 1929-1941. Their appear-
ance as a separace lfactor durin: the lonzZer period ol time
misht have been caused oy a change in the demand for cheese
and evaporated milke.

The variable or the counsuwuer price index appeared as a
distinct rfactor in Analysis I1, whereas it snowed a complex
structure involvin-< the butter production ractor and the
cheese disappearance factor in Analysis I. ‘this difrference
mizht have been caused by tne indeteri:iinate nature orf the fac-
tor structures in these analyses,

In zeneral, it can be said ol bot!l: these analyses that
the milk production factor was fairly well determined in
each. The remainder or the v riations in each analysis wvere
explained by two Jurtner factors, out in each case tine factor
structure was poorly defined and would probablv chansze on the
adiition o1 further variaoles to this group.

The factor structure indicated tihat niilk production was
a signisicant factor arfecting tie proauction of cheese,
evaporated wilk, fluid wilk, and dried or powdered skim milk.
Tnis milk production factor was influcenced oy the industrial

activity factor but it was not influenced by the general price
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level factor. Thus industrial activity arfected the production
of milk and the production of tnese other vroducts, butl Liie
general price l.vel had little o: no influence on this pro-
duction. i.ilk production on rarms was necativelv affected by
industrial activity in the period 1929-1941, but was positive-
ly afiected by this industrial activity factor in the period
1929-19QL4L8.

Butter prouauction 4id not follow the trend ol production
oI the other products listed above. This mi - ht ve due to the
ffact that butter was; a residunl dairy product; after the re-
coulrercnts for other dairy ovroducts were niet, the excess
milk and cream was made into ovutier.

I'here was no general pattern in dairy product disaoppear-
ance such as appeared in production. Although the general
price level ractor and the i1naustrial activity r'actor were
of importance in the Jdisabsvearance variables, there were
still otner factvors which influenced ine disappearance of
these dairy products. These other factors could not one
identit'ied from the nature o! the f=ctor structure.

#EREFERERFEFARET W
MARKeTING mARGINS

All of the variahles relatinz to the market basket and
the marketing margins on the market basket were included in
this group. Also included were ieal Purchasin—s Power ad-
vanced two months, 64, and the Consumer Price Index advanced
one month, 65, as representatives of the factors of general

economic conditions which were derived in a previous analysise.
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A complete list oi the variables in this group is gsiven

in Table XiAXTI.

Analysis I 1929-194,8

There were two factors determined in this analysis.
Swinary of the factor structure is siven in Table X4aXII.

A diagra. of' the ortnogonal ractor structure is given in
Figure 10,

ractor I contained variables of the retail cost of tne
market basket, tne retail cost or dairy products in the uar-
ket basket, the marketin_: margin on dairy prouaucts, the
luid milk marketin: margin, and tie consuner price index
advanced one month. This last variaole represented tne
seneral price level factor in this analysis, and all of tne
other variunles in the rLactor cluster are consistent with
the hypothesis that rfactor I was tnis ~seneral price level
f'actor.

It is interesting that the liarketin llargin on Jairy
Products, 33, followed the same =reneral trend as this
general price level factor. 1Yhe Fluid iilk mMarketing ilargin,
#3L4, had a similar factor loading, althoush the narketing
margine for the other dairy products were not a part oif this
factor cluster. This indicates that the fluid milk market-
ing margin was a predowinant part of the murketin; margin
on dairy products since they botn [ollowed similar patterns.

I'his same result was obtained in the analysis of prices.




Table Xial., Variaoles JUsed in analysis ol larketing lnargins

Variable Description
No.

1. 30 Retail Cost of the Market Basket

2o 3l Marketing iarzin on liarket Basket

3. 32 Retail Cost of Dairy Products in llarket Basket

Lo 33 liarketing largin on Dairy Products

5. 34 Fluia milk larketing largin

R 35 Butter kiarketin: kargin

7. 36 american Cheese idarketings sargin

8. 37 Evaporated :ilk liarketing lMargin

9. 52 rfeal Retail Uost of the liarket Basket
10. 53 Real Hetail Cost of Usiry Products in the liarket Basket
11. 6l real Purchasings Power advanced two months

12. 65 Consumer Price Index advanced one month

..178‘[..



Table ALiXII. oSwmnary oi ractor ostructure ol Marketing largins

Analysis I 1929-1948 (2 factors)

factor I
Variable tactor Loading Description
No. (Rotated Matrix)
30 672 Retail Cost o. Market Basket
32 . 64,0 Retail Cost of Dairy Products in larket Basket
33 «259 Marketinz margin on usiry Products
34 o743 #luid #ilk Marketin~ mMargin '
65 016 consuniers Price Index advanced one month
l.-!
o0
ractor 11 v
]
35 535 Butter Marketing iargin
36 « 604 American Cheese liarketins iargin
37 021 Lvaporated rilk Marketin: larzin
Complex
6y (I) .906 (II)=-612 Real Purchasins Power advanced one month
Indeterminate
31 Marketing margin on riarket Basket
52 Real Retail Cost of iarket Basket

53 rteal Retail Cost of Dairy Products in kiarket Basket




Figure 10,

Orthogonal Factor Structure of Marketing Margins, Analysis T,

1929-1948.
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Factor II contained the vuriables oi marketing marzins
on butter, American cheese, and evaporated milk. “this mi.ht
be considered a manutactured dairy products marketin: margin
factor. However, the factor structure snhowed that Factor I
and ractor II were rather closely associated and were not
indeovendent oi each other,.

KXeal Purchasin:; Power advanced one month, 64, showed
a complex structure in tnhis analysis. It nad the same
structural relationship with #65 as it showed in previous
analyses, but it was opposite in direction to ractor II.

Three variables showed an indeterminate structure in
this analysis. The Real retail Cost of the Market Basket,
i#52, and the Real Retail Cost or Dairy Products in the iar-
ket Basket, 753, showed insig-niricant factor loadines in
both the orthogonal and rotated matrices and could be con-
sidered as unaffected by the factors determined in this
analysis. However, the lMarketing largin on the Market 3asket,
#31, had minor factor loadingZs in the rotated matrix but
sizniticant tactor loadinzs in the orthosgonal matrix. The
ortnoional matrix showed that tnis variable was primarily
influenced by the seneral price level ractor; this was
probably covered up by the rotation process.

Actually, the orthogonal matrix gave a much better pic-
ture of the factor structure than the rotated matrix did for
this group. The orthoszonal matrix showed that there was a
definite general price level factor and a second facior on

which the marketing margins for manufactured dairy products
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had positive losdings and the industrial =coivity rfactor
(represented by ,64) had a negative loading. However,

there was not enocugh iniormation in this analysis vo identify
this second factor. The use oi the rovated matrix in this
case did not simplit'y the factor structure but made it more

obscure.

Analysis II 1929-1941

There were two factors deterwmined in this analysis. How=
ever, the fractor structure was very indete:rniinate. The over-
211l structure was similar to that in analysis I, but the
structure was more scattered in a.pearance withouce any defi-
nite factor clusters. A diazrar oi the ortho:;onal structure

siven in 1 oure 11,

is
A comparison or sizure 10 and i~ure 11 snows that,
vinereas variuoles 33, b5, 32, 30 caun ve considered a factor
cluster in i ,ure 10 tney are wore wiuespreaa in risure 11,
without any definite iidication off wnere the tactor plane
should be located. It could e hypothesized that one of
these [lactors was tne .eneral vrice level factor (alons the
horizontal) wihiile the second facvor (vertical) was such that
marketin g niarsgins had positive facvor loadin s on it and tihe
industrial activity lactor (represeciated by #64) had a negative
loadin; upon it. +fthere was not enough information in this

analy.is Lo deteriiine what this second factor was.
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Ve SUrsalY O 230L13 O anal¥ooo OF LCOd0LT0 JAVA

Tfhis study had tvo main onjectives. The “irst obh jective
wids to analyse economic data coucz20nin, economic conditions
in general, and dairy prouicts in particular, by means of
aultiple factor analysis in crder to investi tate what fac-
tors were opszrative durinsg the two tinie veriods of 1929~
1248 and 1929-13541. The sccond objective was to determine
how well these factors coula explain and predicu the ailsap-
pearance of various dairy proiucts, by settin: up multinle
reyression systews based on the Tactor analyvses.

In order ©o investi.ate what factors were omncrative
durinz; the two tinie veriods under consideration in this

n several Jdirf

pe

study, the variables were jsrouped ferent ways.

One sroup comouined all variavles relating tce ;eneral econoniic
cornlitions wiile otner groups covered prices, fluid n1ilk and

creaa, butter, cneese, condz2ased, dry and evaporated milk,

thie production and disa: vearance oi dairy products, and

marketin. ; margins,.

tesults ol fictor Structures

ar—

ne analysis of General mconowic cdonditions produced
two factors, a zeneral price level facto:s and an industrial
activity factor. ‘lhese two factors were evident in both
tinme periods, and explained most of the variations occurring
in the varianles included in the sroup. The appearance of

these two factors indicated that they were not independent;




however, industrial activity and the 7zeneral price level
were wore nearly independent duriny 1929-1941 than during
1929-1948. The sjeneral price level T:ctor orimarily
influenced sucn variables as the cousumer price index and
the retail [food price index, while the industrial activity
factor iniluenced sucn variales as real purcnasing power
in manufacturins, industries, the index of employment in
manufacturing industries, and the index of industrial pro-
duction.

In the analysis ol Prices three factors were evident
over the lonzger period of time. “These were the i:eneral price
level rfactor and industrial activity ractor derived in the
analysis of zeneral econowmic counditions and a feed factor
wilich inrluenced only two variaoles, tne butterfat-~feed
price ratic and the milk-feed price ratic. The zeneral
price level factor iniluenced variaoles ol ooth wholesale
and retail prices, showing that tinese wholesale and retail
prices followed the same —seneral trend duria; this period.
The industrial activity factor was associated primarily with
real wholesale prices, showing that these real wholesale
prices followed the trend of industrial activity and were
relatively independent of the actual wholesale and retail
prices. The factor structure also showed that the real re-
tail prices did not follow the real wholesale prices, but
were influenced by other factors as well. The factor struct-
ure ifor Prices in the period 1949-1941 was less well defined

than that in the longer period of time. The general price
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level factor was fairly well deiined, and the feed factor
was also well defined. +Three other factors were determined
in this analysis but the factor structure made it difficult
to identiry themn satislactorily.

The analysis of Fluid liilk and Cream determined four
factors in the longer period of time. These were a general
price level factor, an industrial activity factor, a milk
proauction factor, anu a real wholesale dry skim milk price
factor. 1he factor structure indicated that :iost o1 the
prices related to rluid milk and creau: followed tne trend of
the factors o. generali economic conditioans. riilk production
on rarms Ifollowed a seasonal trend, and the monthly aisappear-
ance of fluid milk ana crean also iollowed tnis seasonal
pattern. ‘This mi-sht nhave been due to a weakness in the basic
data, however, as tne fluid milk and cream disappearance was
comwmputed as a resiaual rrom total production. The fact that
tne real wnolesale price oi skim milk and the real wholesale
price oif milk appeared as a separate real wholesale price
factor indicated that these real wholesale prices were
aistinctive during this period and did not follow the trend
of other prices.

Juring the period 1929-1941 the analysis of Fluid Milk
and oream showed tne same factors as were evident during the
period 1929-1948. However, one furtiner factor was evident:

a retail milk price Tactor. The factor structure inaicated

that the retail price of delivered milk was relatively
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independent of the other variavles in the analysis; it did
not iollow the trend ol the -eneral vrice level or indus-
trial activity. It was also relatively independent oi the
rmilk production factor, siiowing that the retail price of
nilk was not associated with milk proauction.

The analysis of Butter s:nowed four distinct factors.
I'nese were a general price level factor, a butter production
factor, the fleed factor discussed previously, and a real re-
tail oleomargarine price facvor. the jeneral price level
factor involveda the wholésale and retail prices o: butter
and butterfat, uthe vutter production ractor followed the
seasonal trend or milk production, the teed factor showed
that the butterfat-feed price ratio wa. liandependent oi the
other variables in this analysis, and the real retail oleo-
marzarine price factor indicated that tiais real retail price
of oleomargarine was independent otf the other prices and the
other factors iancluded in tnis analysis.

The analysis of Cheese snowed 1ive factors. ‘l'hese were
a general price level facuor, a cheese production fuctor, a
real wholesale milk price factor, the feed factor discussed
previously, and a real wholesale cheesc price factor. ‘‘he
real wholesale cheese price factor was independent oi' the
other factors, includin-s the real wnolesale milk price fac-
tor, during the longer period of time while the real whole-
sale cheese price factor and the real milk price factor were

merged as one factor during the shorter period of time. This
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indicated that the real wnolesale price of cheese followed
the same trend as the real wholesale milk and butterfat
prices during 1925-1941 but during 1929-1948 the real whole-
sale cheese price followed a uiiferent trend fron that of
the real wholesale price of milk. This was probably due to
the fact that during the shorter period of time the real
wholesale price of cheese helped determine the real oprice

oi vutterfat, while in the longer period other vroducts
becaiae ol increasinyg importance and the real wholesale price
of butterfat and vhe real wholesale price oir wnilk reflected
these chan:ies. Cheese disapoearance followed tne trend of
cheese proauction, and appeared to be independent of all
other ractors in this analysis.

There were four tactors present in the analysis of
Coadensed, Jry and wvaporated :.ilk. “These were a :eneral
price level iactor, an industrial activity factor, a i:ilk
production factor, and a real evaporated milk price factor.
The rensl wholesale price of dry skim milk appeared as a
separate factor durin’; the pcriod 1329-1941 but merged
into the factor structure as a part of the industrial
activity factor during the period 1929-1948. Thus, although
the real wholesale price of dry skiw milk appeared to follow
an independent trend duringz the shorter period of time, it
followed the general trend oif industrial activity over the
complete pericd 1929-1948. The real price of evaporated
milk followed an independent trend in both time periods.

Three factors were evident in the analysis of
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Production and Disappearance oi bDairy Products. Tinis analysis
grouped tosether all of the variables of production and dis-
appearance and also included variables representineg the fac-
tors of ~eneral economic conditions. Tne analysis showed that,
althouzh the seneral price level factor and the industrial
activity factor were operative in the production and disap-
pearance ol dairy products, otiner factors were also influ-
ential in the analysis. The only factor whicih was clearly
identiiied was a production factor which was evident in the
oroduction of cheese, evaporated milk, fluid milk and cream,
znd dried or powdered skim nilk. this production factor
was not evident in the production ot butter. There was no
general pattern in the disapnearance of dairy proiucts,
althouzh the general price level factor and the industrial
activity factor were oI some importarnce.

In the analysis of marketins margins alone the factor
structure showed that a general price level factor primar-
ily int'luenced tne marketing margins on dairy p»roducts as
a whole and the fluid milk marketins marsin, but that some
other factor was also influentinsl in the marketing margins
of butter, American cheese, and evaporated milk. There was
not enouzh information available to identify this other
factor, althoush there were some indications that it was
associated with an industrial activity factor. This factor

structure was not very well defined.
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nelationships within ractor structures

Some o. the relationsiiips exisving within the fuctor

structures iy be descrined as 1'ollows:

=

I'wo separate ractors were evident in vari.bles indicat-
ing gseneral economic conditions. These were a general
price level factor and an industrial activity factor.

The general price level factor was represented best by
the Consumer Price Index ana tne Index of RXetail food
Prices. It did not matter whether these variasles were
used Jdirectly or advanced through time by a one month

or two montn interval.

The industrial activity factor was represcented best by
thie Index of :xeal Furcnasin.s Power, the Index oi smploy-
ment in :anufacturing Industries, and the Index of Indus-
trial Procuction. It did not matter whether these vari-
ables were used airectly or aavanced tnrou:sn time by a
one month or two mont:. interval.

The Index oi Jepartment sStore Sales was not a good indi-
cator of zeneral economic conditions as it varied tnrough
time. It was influenced primarily oy the 3zeneral price
level tactor in 19z29-1948 while it was influcenced riore by
the industrial activity factor during 1929-1941. Like-
wise the Index oI rreignt Car Loauings and the Index of
Short Terin Consumer Debt were not Zood indicators of
general economic conditions.

Wholesale and retall prices o1 most dairy products were
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influenced primarily by the cseneral price level factor

in the two time periods under consideration here. Al-
though unique factors mi:ht have also influenced these
variables, a large part of the variations in thece price
variables was explained by the zeneral price level factor
alone,

The marketinz margin on fluid milk and cream was intilu-
enced primarily by the ;eneral price level factor. Thus
as the eneral price level increased the marketinsg margin
on fluid milk and creamn increased.

The marketing marzin for all dairy products was also intlu-
enced primarily by the general price level factor. This
indicated that the marketings margin on 1rluid milk and
creain was the most important producc in the combined mar-
keting margin of all dairy products, since the marketing
mar.;ins for other products were influenced py a second
factor as well.

The marketinz margins for butter, American cheese, and
evaporated milk were shown to be influenced directly by
tihe general price level factor and inversely by the indus-
trial activity factor. <{hus as the eneral price level
increased, marketin.; mar;ins increased. As industrial
activity increased, mar<eting margins decreased. If

both the eneral price level and inudustrial activity
increased, the net effect on these marketing marcins
would have to be considered.

A feed fuctor, involvint the butterfat-feed price ratio
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and the milk-feed price ratio, was independent ot all
other factors in these analyses. This indicated tnat
these variables were not associated with the other vari-
ables in this study and that these reed ratios did not
arrect the dairy product prices, the other prices, or

the production oi tne aairy products included herein.

In ;eneral, there were three factors wnich appeared
fairly consisteintly in the analyses of individual commod-
ities. tThese were a eneral price level factor, wnich in-
volved .wost of thhe wholesale and retail prices included
in thiis study, an industrial activity ractor, which in-
volved many real wholesale and real retail prices, and a
production tactor, whicn showed tie seasonal nacure of
most manutactured dairy products correspoadin . to tiie
seaso.al trena of milk production. Ia a few cases a real
wholesale price lactor was eviaent wnich was diiferent
from tne industrial actvivity factor. [These rfactors ex-
plained tne variations occarrin: in the orice and produc-
tion variables included in this study 1fairly well, but
the idisappearance variables were not explained as fully
as the other variables.

The variible o!' luidu »ilk and Crear Disappearance appear-
ed to follow the trend ol seasonal milk production. T[his
m-y have bewvn due to the fact that th: disappearance was
co..puted as a residual from the total milk production.

A more accurate metaod of measurin; this disappearance

would probably make a difrerence in the factor structure
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obtained.

1. The variable suowin; cheese Jdisan,earunce was in<luenced
to a large eutent by the cheese vnroluction factor. This
indicated that cheese disappearance depended larzely uoon
cheeses production and that other CTachbors, suci. as the

general price level ractor, were nobt o! iia or i.aportance

n the dermand Tor cneese. [his sivnified an inelastic

e

deriand for cheese.

m. Butter disapprearance was aszociated priwmarily witi: the
seneral price level factor. As Lite jzneral price level
increased, »utter disapgearance decressed. This result
may have been due to iLhe siifting de=uind for butter dur-
inz the period 139272-19483, however.

n. The disappearance of evaporated milk aivveared to have an
indeterminate structure during the two tine periods under
consideracvion. This, azain, n~y have been due to the

changzin ; demand Jor evapora.ed milk durin ; these periods.

Results of .:ultiple regression systeus

To determine how well the lactors discussed above could
estimnate and predict dewand ior t.ae individual dairy pro-
ducts, multiple regression systicus were set up based on the
factor analyses. 1In eacn multiple regression system the
disappearance, as an indicator o. demand, was the dependent
variable while tne independent variables were selected on the

basis of the factor structures., The number of independent
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variables was determined by the number ot distinct facrtors
in the factor structure; one varieble was selected to
represent eac. factor in the regression systeus. These sys-
tems were then extrapolated to cover 1949 and part of 1950,
to see how well the estimated disavppearance compared with
the actual disappearance.

The multiple regression system for fluid milk and cream
for the period 1929-1948 yielded a coefricient of multiple
correlation of r = ,8642. 1Inis system included as independ-
ent variables the consumer price index, real purchasing
power, milk production on rarms, and the real wholesale
price of milk, and the coefificients of these variables in
the rezsression eguaction all proved to be signit'icant. 'Lhe
regression system for the period 1929-1941 yielded a coeftfi-
cient of multiple correlation otf r = .8768. The independent
variables in this analysis were the consumer price index,
real purchasinz power, milk production on farms, and the re-
tail price of delivered milk. 1In this system the coefficient
tfor real purchasing power proved to be not significant. The
coefricients of all the other variables were significant,
however.

The estimated disappearance of fluid milk and cream as
computed from the regression systen oif the periocd 1929-1948
was very close to the actual disappearance, while the esti-
mated disappearance from the regression system of the period
1929<1941 was far below the actual disappearance. 'This

signii'ies that an increase in demand took place in fluid
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milk and cream during tihese two time periods.

The multiple rezression system for butter disappearance
for the period 1929-1948 yielded a coefrficient or multiple
correlation of r = .7727. The independent variables in this
syste:il were the consumer price index, real purchasinz; power,
butter production, real retail price of oleomarcarine, and
the butterfat-feed price ratio. The coefficients of the
last two variavles proved to be not sisnificant in the regres-
sion equation, but tne coefficients of the remaining three
were hiszhly significant in the system. The coeriicient of
multiple correlation for the period 1929-1941 was r = .5120.
In tnis system the consumer price index, real purchasing
power, butter production, and tne real retail price of oleo-
mar ;arine were used as the independent variables. Only the
coelfficients of butter production and the real retail oleo-
margzarine price proved signilicant in the regression eaquation.

The estimated butter disappearance rtor 1949 from the
regression eguation coverin:; tne period 1929-1948 was some-
what lower than the actual disappearance. The estimated
disappearance from the regression equation coverin~ the
period 1929-1941 was much higher than the actual disappear-
ance. This indicates tne decrease in the demand for butter
during these two time periods.

'I'he multiple regression system for cheese disappvearance
for the period 1929-1948 yielded a coerficient of multiple
correlation of r = .7603. The independent variables in this

system were the consumer price index, cheese production, real
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purchasingz power, butteriat-feed price ratio, and the real
wholesale price oi cheese. The latter two variaoles proved
to ve not signilicant in the regression equation. The regres-
sion system covering the period 19291941 yielded a coeffi-
cient of multiple correlation of r = ,7602. This system
contained the consumer price index, cheese vroduction, the
buttertat-feed price ratio and the real wholesale price of
cheese as independent variaples. However, only the coeffi-
cient of cheese production proved to be significant in tne
re:sression equation.

The estimated cuneese disanpear .nce tor 1949 from noth
0! these regression systews was below tne actual cheese
disavoearance in 1949. However, tne regression systems indi-
cate that tnere was an increzse in the demand for cheese dur-
in:z these two periods.

Ihe multiple regression syste.: Jor evaporated milk dis-
apnearance durin; the period 1929-1948 yielded a coelficient
of multiple correlation of r = .6342. 'The independent vari-
ables in this systew were tne consumer price index, real
purchasing power, milk production on rarms, and the real
wholesale evaporated milk price. In the regression equation
the coefficient ol the consumer price index was not signifi-
cant, out the coeiticients ol all the other variables were
significant. 'The regression systein covering the period 1929-
1941 yielded a coeitricient of multiple correlation of

r = ,7150., The consuwuer price index, real purchasing power,

milk production on farms, the real wholesale dry skim milk




- 203 -

price, and the real wholesale vrice o: evaporated niilk were
the independent variables. The latter two viriables proved
to ve not signiiicant in the re:ression equation.

The estimated disappearance for 1349 as computed by
both rezression systems was below tihe actual disap.oearance
in 1749. However, these resression systems indicated that
there was an increase in the denand ror evaporated milk dur-
ing these two time periods.

In all ot the regression systems discussed anove, the
consuer price index was used Lo represent the ==neral nrice
lev=zl facior. V{0 investisate wnhat cranjes would occur i7 the
actual retail vrices oi the indiividual proiucts were uceld in
vl=«ce o7 the consuwer price in:ex, these retail prices were
substituted in the resression systens in the place of the
consurier price index and tie multinle regression coe:if'icients
recomvuted. The coefricients were practically the same in
all cases. This indicated tnat it aild not matter whether the
conswuer price index or the retail price of tine individual
cominodity was used in tne regression equation. It also indi-
cated that the selection of one variable from a factor
cluster to renresent tne factor in a resression systein was
valid and that the substitution ot one variable for another
frorm the same factor cluster could yield essentially the
same results., This mizht not have been true iif other vari-

aoles were sclected [from the factor cluster, nowever,
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VIe 5UMILAY add wVabUarfion O THe twidCy 00 »aC1rox
ANALYoTo As APPLIWD 10 wCOnNudIC DarlA

I'his study showed that the metihod of ractor analysis
could be avplied to econowic data to provide loxical, con-
sistent results. a great deal is known about reneral eco-
nonic conditions and about dairy products; the uselulness
oi this study was co demonsuriate that results could be ob-
tailned f'rom ractor analyses wilcn were consistent with and
whicii corroborated previous knowled ;e. <[he derivation of a
reneral price level racvor and an industrial activity rfactor
fron the analysis of +#eneral economnic coniitions, and the
derivation of a prouuction factor and a price factor in
almost all of the analyses o: indiviuual dairy products
were results wnicih would have been expected. These rindings
mizht help to provide conJidence in results from studies
where less background inlormation would be availabple.

It should be emphasized, however, that many serious
weaknesses aovpeared in the application ol factor analysis to
the econowic data in tais study. In several cases factor
structures were obtained which could not be identified.

This was especially true in the analysis of Prices for the
period 1929-1941, the analyses oi Production and Uisappear-
ance oi U-~iry Products for the two time periods cousidered
here, and the analyses of Marketin< lMMargins for the two time
periods. In these cases, speciiic ractors were obtained but

there was not enouzh information to identify the factors
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satisractorily. Tnis wmi:ht have been due to the selection
ot viriaLles for the analyses, since additional vari:bles
or a dirrerent croice of vari .bles mignt have provided a
betler factor siructure. Tne sclection ol different time
periods miht also have provided better results.

some contflicting results were obtained between the
dirfr'erent facctor analyses made in tnis study. For exaumple,
the real wnolesale vrice of evaporated milk avpeared to be
part oi the general price level Tactor in analysis I of
Frices, wnile it appeared as a separate ractor in Analysis
I o vondeased, Dry and wuvaporated iilk. In Analysis II of
Prices, the real wnholesale price oi putterfat appeared as a
part ol the general price level factor, while in Analysis II
oi Cheese it appeared as a part ol a real wholesale cheese
price ractor. ‘l'hese conflicts mi it have been due to the
dif'ferent factors which were derived in these analyses or
were perhaps due to the non-orthogonal factor structures
wiere the angular separation between iactors changed in each
analysis. It shiould be noted, nowever, that most or the
variaoles showed consistent relationships between analyses.

It was stated previously that these factor analyses
providea results consisteant with previous knowledge. In
sounic cases, however, the fictor analyses conflicted with
previous knowledge. In the analyses ot #luid dilk and Creamn,
milk disappearance appeared to rollow the seasonal trend of

milk production, even thou:h it is generally accepted that

there is no seasonal trend in milk disapwvearance. This




probably indicates the inadequacy of the data used for milk
disappearance., In the unalysis of Production and visappear-
ance ol Vairy Products, the varianle of ice cream production
showed an indeterminate structure, altnourh it is generally
accepted that ice creamn production rollows the seasonal
trend of milk production. ihis difference may have come
about due to the rotation process rrowm the orthosonal factor
structure. It may also have been Jdue to the coding of the
data necessary i'or the 1.3.i.. process, as this coding mi:ht
have covered up sone of the seasonal changes which took
place.

There were thus several possivle causes for the weak-
nesses of multiple factor analysis as applied to the eco-
nomic data in this study. come of these were the selection
oi variaonles to pve included in the analyses, the selection
of the time periods to ve used, the accuracy or the basic
data, the non-orthozonal factor structures used, and the
I.B.l.. coding which migsht have covered up essential imforma-
tion.

Another inherent weakness of multiple factor analysis
is that the analysis is based on simple correlations. The
use of these simple correlations with data containin.
seasonal, cyclical, and random fluctuations is a serious
drawback. The use of correlations with time series data
also involves auto=-correlations within the data. This study
showed that the same factors could be derived from time

series data even though difrerent time periods were used.
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o0 wrediclion rurposa.
S stenls nascd on Lhe faclor analyses were 1sed Lo estimate
e dilsapgpearanc. o rluid milk, osuatter, cl.iese, ani oveD-
oraTed .ilK. In these regress .o o
cient o multiple correlation ootained wvas r = .88, while
T.ie poorest ocslalned was r = .21. Thus the exyplained
varianceg in calry product ailsaprearance varied from 2purox-
in...t=1y 7. percent Lo «5 wercent. nis difference in the
c.irlained variance micht hoove b2en awe To the tine periouds
aseu, tihe vari ol=s used in Coo TactLor snalyses, or The
accuracy ¢l tie vaslic dato used., fhe alsaprearance data
cor the liiry preoaucts were explainea fzirly well oy the

TLCLOor structures ani L.e resression c¢ystoms in acproeximate—

ly 52 percent of the cases ctestade.

If this study were to be repectea, several chan jes
i:1 )ht he suzsested. Sfirst, the Jor: oif some o the datva

;:i:ht he chanved. 1t would be degiraole to put the produc-
Tion and disapprearauce data on a per capita basis, to inves-
tizate whether or not petter estimates of demand mi :ht bpe
obtained oy tnis revision. Some of the data could be core
rected for seasonal trends, in order to eliuinate some of
the rluctuations in the data wuaichh mi ht cause inconsictent
recsults. It would be desiraonle to use the actual data,

rataner than coded data in obtainin.; the correlation coeffi-
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cients used in tnis work, alchou o this would be an expen-
sive and time-conswnin.; operautcion wnic.i i ht not provide
enoush sigsnil'icant di.tercnces 1'ro. coded I.53.0.. tabula-
tions to pe worthwhile.

Additional data mi-ht alco ve included 1or further
study. dJata such as disposavle incoue, monthly expendi-
tures for individual dairy products, and total enployment,
orice ratios between comrmodities such as »nuvter and oleoimnar-
garine, cheese and meat, cheese and e.;:s, and fluid milk and
evaporated wmiilk, and disapnearance data Jor products such as
meat, e .5, and cereals, mi nt pe 1lncluded 1n an atteipt to
et mors determinate results concernin demand relationships.
Several variaovles ml ht be advanced throuzh time co investi-
ate wniat ei'f'ects they would have on the ractor structures.,
opecifically, various fteed price ratios nisht be advanced
throuzh time six montns to a year, or beef or hoz prices
wisht be advaunced six months to eishteen monuhs, to invésti—
zate what eff'ects they mi ht have on dairy production, bprices,
or aisappearance. VJi:iterent time periods misht be used, such
as the periods 1929-1939, 1941-1951, or 1946-1951, to inves=
tizate whether factors were operative durin. these periods
which differed trom tnose wnich were determined in the
analyses of the time periods of 1929-1948 and 1929-1941.
Different combinations oif the varianles misht also be used,

to attempt to obtain more determinate factor structures.

This study investissated the various factors which
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exlsted durin: the time periods of 1929-1948 and 1929-1941.
Howevel, little or no attempt was mal: to analyze why these
ffactors existed or what made them distinct fron other factors.
ror example, a seneral price level factor was determined in
several analyses. This factor was probably influenced by the
amount ot money in circulation, monetary and fiscal policies
in operation, political events on both a national and inter-
national level, expectations concerning Ifuture developments,
and demand and supply relationships existing between differ-
ent commodities. oimilarly, any other factor, such as a
real wholesale chieese price faccor or a milk production tac-
tor, would probably oe determined by many distinct elements
which misht or mi~+ht not be measuraole. This study only
attemipted to isolate the various factors which existed in
the data., /ithh the orizinal 76 variables grouped into
essentially seven or eiht distinct factors, a more exhaustive
study might be made on these [actors to deterniine what mnde
them distinct.

ractor analysis is useful as a rirst aporoximation for
a large mass of data which has not been thoroughly investi-
gated or about which not very much is known. It provides a
rough method ol sortins a larse body o1i data into groups
which contain similar elements. It cannot be used to provide
exact inrormation or precise measurements., This study has
shown that factor analysis can be applied to economic data
to provide determinate factor structures in some cases. The

factor analyses could not be used Lo estimate demand but
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regression systems based on the factor analyses have been
used to estimate the disappearance of various dairy pro-
ducts. The results of these regression systewms indicate
that the factor structures provided a satisfactory basis
rfor the estimation or demand in some cases, while in other
cases they were very unsatisfactory.

In conclusion, it is felt that factor analysis should
prove to pbe a useiul tool in empirical economic analyvsis to
provide a rirst apnroximation ror unexplored data. surther
study 1s necessary beilore its value in the estimation of

demand relacionsiiips can be properly evaluated.
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Talec Ib. FLUID TTLI 0L Tliial

X1 o= Lotael 1l production

¥joz retall itrice of milk

Xepz real wholesale . rice cof milk

b real -~urchasine ccwer sdvoorzaed two monbhs

Pt
X65= consumer ~rice index advanced one onth
}‘:76: al

gapnearance of fluid =il and creamn

_ TG N 5 w65t - RO R [Pl SRR
“7_,5.- .3(_/)"‘ )\,,:,f; + 1.061° X1 - .111‘)"%').61_: v .L):)'—('“ "}’.5

r76.55,1,64,57= ~£042

Regrescion System II 1020-1C47

' o e I EY eI
A ‘l;_ - .“4-7/4‘“1“1.1(;) + 0685"%‘}:1

r26.65,64,10,1 = - 196

#HTwo asterislrs beslide a number mean that in air infinite nunber
= ey

of samples similar to thic one, where the recression coeffic-
tent concerned was actually zero, a value larger than tue one
concerned here wvould he found in 1 onercent of the cases.




Table IIb. GHELSE

cheese vroduction

3
X9q1 = milk-feed ' rice ratio
5] = retail ryrice of cheese
x43 = real wholesale trice of cheese at Chicago
x57 = real wholesale price of milk
x65 = consumer nrice index advanced one month
X = cheegse disavpearance
T4
Recression System I 102C-104¢
- 028 - ol O + [ E»].**X - 0026}: + 0289)(
F 7y e #0%g, 7 3 11 43
~ = 7458
r‘74'005,5713311343 7
r‘ - - Y 11
T4e21,57,3,7 , "7 [
T4o3

Recression Systen IT  1020-1C41

X = ~.142x, _ + .956**x3 - 026x. . 4 054x

74 T 65 11 43
T74.65,3,11,43 = 7002

Ton.21,3,11,43 = 1O

r74‘3 = 750

##* Two asterisks beside a number mean that in an infinite num-
ber of samvles simlilar to thls one, where the regrescslion
coefficient concerned was actuallyvy zero, a value larger
than the one concerned here would be found in 1 rvrercent of
the cases.




Table IIIDb. RUDTLE

b = butter nroduction

X = butterfat-feed ~rice ratio

X = retail price of butter

= real retaill orrice of oleomargarine

recl purchasinge nower advanced two months

o)}
J=
i

consumer wvnrice index advanced one month

butter disancearance

~
Ui
1

Regression System I 1C20-1948

e X - -.681**)( + 0262%6‘)&}( + 0182}{ - .046}(

73 55 > 51 11
T73.65,2,51,11 = "o
De X73 = —.276**X65 +-.287**x2 - .OO@X51 -+ .032X11 - .340’5“*){64
T7%.565,2,51,11,54 = * 220
= L0306

Yos.20,2,51,11,54

r - - - .7854
73+65,54

Regrescsion System IT 192C-1941

ple = 032x 4+ .037x + .134**x2-.175**x51

73 65 64
- Y 20
Y75.65,64,2,51 = O

T73.22,64,2,51

Tos.51 = 092

##*  Two asterisks beside a number mean that in an infinite number
of samrles glimilar to this one, where the regressicn coeffic-
1ent concerned was actually zero, a value larger tnan the one
concerned here would be found in 1 percent of the cases.




3

Table IVb. LVAICRATED TTILK

Xl = milk ~roduction on farms

X?O = retall nrice of svaiorated milk

X45 = real wrolesale orice of evarorated milk
x55 = real wholesale crice of dry skim milk
X’A = real purchasinge vower advanc 'd two ronths
X65 = consumer nrice index advanced one nonth
x75 = evaprorated milk disavnpearance

Recres~ion System T 1620-1Q48

x = 056x% 4 ,155%x + .506EER - DRFluRx
75 65 > 64 5¢ L ) p
= o
1"75.'55,6.,'_"1’% = .634_
r ) L geo
75.20,54,1,46 - 27 5
r - .4‘»?36

75.05,54

Recrescion Svatem II  1920-1041

x - = JHE2NEx &+ L ET7ONFy <+ 262%Hx  ~ 440ox <+ .041x
7 5 £5 64 1 2 55 46

N

7150

"

T75.65,04,1,55, 46
.T240

r
75.20,64,1,55,45

r__ __ = 5043
73 '63:‘~ 4’

0)

% Cne asterisk becide a number means that in an infinite number
of samnles similar to this one, where the regression coeffic-
*ent concerned was actually zero, a value larcer than the one
concerned here would be found in § nercent of the cases. Two
acsterisks mean they would be founu in 1 percent of the cases.




IX. ATIZENDIX C

CRIGIITAL DISAFPEARANCE DATA




Table Ic MONTHLY DISAPPEARANCE OF FLUID IIILK AND CREAM !

(K4llion pounds)

Jan., Feb, Mar., Apr. Hay June July Aug. Septe Oct, Nove Dec. Total

1929  L,L20 L1684 4,889 4,773 5,084 L,%50 L,6h5 L,LoL L,131 4,116 4,177 1,381 S5L,13L
1950 L,472 L,271 5,057 L,971 5,2U 5,335 L,873 L,U89 L,137 L,256 L,380 L,L88 55,923
1951 L7l bL,b97 5,102 5,092 5,5LL 5,30k 5,13, 4,805 L83 L,358 L,Ld. L,613 58,050
1932 4,797 L,5% 5,151 5,060 5,480 5,483 5,286 4,672 L,529 14,596 L,5M4 L,6L3 58,805
1933 L,6&L7 L,39% 5,08L 5,208 5,498 5,069 5,069 1,622 L,385 L,L%5 L,503 L,658 57,60
1934 L,5% hL,207 L,817 L,975 5,195 5,177 L,785 L,L09 L,211 4,199 L,199 L,379 55,089
1935  L,238 3,95 L,705 L,757 5,113 5,243 5,06 L,757 L,220 4,307 L,303 L,335 54,987
1936  L,260 L,206 1,806 L,974 5,279 5,25h 5,106 L,397 L,046 1,126 L,160 L,383 5L,997
1957 L,361 3,967 L,558 L,&%2 5,09. 5,051 5,126 L,719 4,268 L4,299 4,081 L,247 5L,L33
1938 4,207 3,913 L,668 L,730 L9k 5,102 4,985 L,hal, 4,157 L,194 L,163 L,239 53,8%
1939 L,263 3,975 L,659 L,88 5,053 5,168 L,98L L,h93 L,3L9 L,312 L,229 L,33L 5L,677
190 L,226 L,031 L,7k2 L,710 5,003 5,293 L,857 L,82 L,28) L,281 L,285 L,316 5,510
19 L,L36 L6 L,793 L,8L L,927 5,302 L,913 L,606 L,2lh L,237 L,309 L,398 55,135
19k L,5L8 L,159 L,766 L,857 5,034 5,488 5,277 L,9h9 4,720 L,690 L,689 L,798 57,975
1945 L,901 L,547 5,127 5,175 5,527 5,681 5,499 5,236 L,767 L,91, L,772 4,91 61,060
i 5,074 L9 5,353 5,352 5,586 5,787 5,716 5,286 L,917 5,136 5,036 5,263 63,lL7
1905 5,213 L,979 5,652 5,670 6,017 6,174 6,009 5,681 5,33L 5,356 5,301 5,570 66,956
1946 5,559 5,255 6,080 6,021 6,739 6,811 6,122 5,673 1,91 L,912 L,940 5,05k 68,127
1947 5,107 L,719 5,286 5,379 5.855 6,225 5,83L 5,435 4,880 1,900 5,023 5,012 63,660
1948 5,12 L,9%1 5,293 5,387 5,823 6,12 5,92 5,313 4,871 5,015 L,8% 5,011 63,755
1949 5,176 4,899 5,270 5,39 5,752 6,090 5,906 5,292 5,009 5,200 5,105 5,131 &L,22,
1950 5,380 5,075 5,117 5,593 5,780 6,05 6,073 5,507 5,218 5,351 5,316 5,lL9 66,214

1 Disappearance equals total production minus milk equivalent of manufactured products of butter,
cheese, evaporated milk, condensed milk, dried whole milk, and ice cream.

- E‘?’."\{
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